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INTRODUCTION 
Plant breeding is a cyclic procedure with the alterna­
tion of variability induction and selection among variants. 
In the selection phase, a plant breeder uses scientific 
methodology developed through contributions of researchers 
in numerous disciplines. A case in point is heritability, 
i.e., the proportion of the plant population variability for 
a trait that is genetic in origin. This parameter is based 
on genetic definitions and assumptions, calculated via 
statistical procedures and estimated from agronomic data. 
And furthermore, the reliability and precision of heritability 
can be influenced materially by such things as size of the 
plant sample used for data collection, appropriateness and 
efficiency of the testing site, etc. The same can be said 
for genetic correlations among traits. These measures 
provide guidelines by which a plant breeder can estimate 
and evaluate the progress to be expected from alternate 
selection schemes. 
In this framework, I chose to examine several para­
meters and genetic phenomena that can materially influence 
the advance from selection. Specifically, I (a) measured 
the variations that can occur in estimates of heritability 
percentage, coefficients of variation, and phenotypic 
correlations when subsamples of a population of oat lines 
were tested; (b) predicted the relative efficiencies of 
three Iowa testing sites for making selection gains with 
five plant traits ; (c) estimated the magnitudes of the 
genotyplc interaction with testing sites and years; and 
(d) tested selection precision in experiments with and without 
blocking for local error control. 
The materials I used were F^-derived oat lines and the 
traits measured were plant height, plant weight, grain weight, 
100-seed weight and straw weight. 
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REVIEW OF LITERATURE 
For ease of presentation, the literature review v;lll 
be divided into three sections, one for herltabillty, one 
for genetic correlations, and one for genotype-environment 
interactions. 
Herltabillty 
Herltabillty has value for quantifying the improvement 
expected from selection for a trait in a population of 
plants. Actually, the quantification is not exact, but 
rather it provides an estimate whether progress will be 
relatively easy or difficult to make. 
Herltabillty is defined in either a broad or narrow 
sense (Lush, 1937). Broad sense herltabillty measures total 
genotypic variability relative to phenotypic variability, 
whereas narrow sense herltabillty measures the additive 
portion of the genotypic variability relative to the 
phenotypic variability. Since genes segregate and come 
together in new combinations having new intra-(dominance) 
and inter-locus Interaction(epistasis), there is a 
difference between the effects of genes in specific combina­
tion and their average effects in the population. 
Basically, herltabillty can be calculated in two ways : 
(a) through some combination of genotypic variances relative 
to the total phenotypic variance (Lush, 1937), or (b) 
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regressing progeny upon parental performance (Lush, 19^0). 
There are various modifications of these methods, but all 
can be categorized into one of these systems. 
Immer (19^1), calculated broad sense heritabllity 
percentages for various traits in Fg barley populations of 
plants, by using the variance among plants of pure lines to 
estimate the environment variance. Assuming that environ­
mental and genotypic variances were additive, he partitioned 
the Pg variance into the two sources and calculated a 
heritability. This method has been used in several studies 
with self-fertilized crop species (Weiss, Weber, and Kalton, 
1947; Piuzat and Atkins, 1953; Jones and Prey, 1950; Prey, 
Robertson, Cook and Down, 1952; Romero, I969). With- corn, 
the interplant variance of an inbred line is not a valid esti­
mate of the environmental variance among Pg plants, because the 
productivities of the plants in the two generations are so 
different in magnitude. To alleviate this difficulty, 
Warner (1952) presented a method of simultaneous equations 
in which P^, P^ and backcross generations, all of which 
were similar in vigor, were used to estimate genotypic 
variances and heritability percentages. 
Another heritability estimation method utilizes 
variance components obtained from an analysis of variance 
of data from a replicated test. The error mean square is 
equated to the environmental variance and by subtraction and 
5 
division by the appropriate coefficient, a variance component 
among strain means is estimated. This is equated to genotypic 
variance, and heritability is the ratio of the genotypic 
to genotypic plus environmental variances. 
To improve the expression of heritability calculated 
by regression Frey and Horner (1957) suggested the standard 
unit method. With the conventional regression method, the 
celling of heritability percentage changes with each set of 
data, and until the ceiling is known, it is difficult to 
interpret whether a heritability value is high, medium or 
low. This standard unit method places a maximum heritability 
value of 100 percent because it is equivalent to correlation. 
Its primary usefulness is in correcting a certain type of 
scaling factor imposed by the environment. 
Some heritability percentages have been reported for 
quantitative traits in oats. Jones (1957)j working with 
spaced plants in oats, found average heritability percentages 
(narrow sense) of 20 crosses tested in generation were 
69, 60, 49 and 22 percent for heading date, plant height, 
100-seed weight, and yield, respectively. Petr and Prey 
(1966), using F2 plants in I5 oat crosses, obtained herit­
ability percentages (broad sense) of 33j 53j 5^, 61, 74, and 
87 percent for number of panicles per plant, grain yield, 
panicle length, plant height, number of spikelets per panicle, 
and heading date, respectively. Both of these teams of 
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researchers used variance components from spaced-plant data 
to calculate the herltabllity percentages. Mean heritability 
percentages (standard unit) for heading date In 22 oat 
crosses were 62, 63, and 68 percent for the F^-F^, F^-F^, 
and F^-F^ comparisons, respectively, according to Prey 
and Horner (1957). 
Huang (1967) using data from replicated yield trials, 
found heritability values for oats of 76, 88, 93, and 72 
percent for yield, 100-seed weight, heading date, and height, 
respectively. Using data from replicated oat trials grown 
in five testing environments, namely, low fertility, late 
planting, high productivity, low plant density and high 
plant density. Vela (1968) found heritabilities of 26, 31, 
45, 28, and 42 percent, respectively, for grain yield, 71, 
58, 60, 55, and 58 percent, respectively, for 100-seed weight, 
and 44, 55, 73, 64, and 71 percent, respectively, for plant 
height. Also from replicated trial data on oats, Wallace, 
Middleton, Comstock and Robinson (1954) found heritabilities 
of 43, 81, 61, 57, 40, and 83 percent for grain yield, seed 
weight, seeds per panicle, culms per plant, seeds per plant 
and height, respectively. Johnson and Frey (1967) found 
heritability values of 83, 33, 54, 68, 76, and 38 percent 
for height, plant weight, panicles per plot, splkelets per 
panicle, seed weight and grain yield, respectively when data 
were pooled over several environments. 
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Recently, attention has Deen given to environments mat 
would maximize heritability percentages. Prey (1964) found 
when oat strains were tested in a non-stress environment, 
the heritability values for grain yield were higher than 
when the same strains were tested in a stress environment, 
indicating that the non-stress environment elicited a 
greater degree of genotypic differentiation. He speculated 
that if the degree of environmental stress influenced the 
level of heritability, environmental variables could be 
manipulated to increase heritability, and thus, improve 
the progress from selection, Johnson and Prey (1967) 
imposed several levels of environmental stress in oat trials 
by varying fertilization rate and planting date. Genotypic 
variances among strains were usually largest under low or 
non-stress conditions, but plot-to-plot variation (i.e., 
environmental variance), also tended to increase in non-
stress environments, with the result that heritability 
percentages were quite independent of the degree of environ­
mental stress applied to a given trial. Vela (1968), using 
several levels of environmental stress found that no single 
environment provided the maximum heritability for all traits: 
therefore, for practical purposes he suggested that selection 
should be practiced in the environment that gives the best 
compromise of heritability values for all traits. He 
defined the environment with least stress for a given trait 
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as the one that produced the highest mean for that trait. 
Using this definition, he obtained the highest herltabilities 
in the environments with least stress. 
Phenotypic and Genotypic Correlations 
Both phenotypic and genotypic correlations can be used 
to express associations between plant traits. Phenotypic 
correlations express covariation between tvro traits that 
results from both genotypic and environmental causes, whereas 
genotypic correlations between traits result from genotypic 
causes, only. Genotypic correlations may be manifestations of 
linkage of genes, pleiotropism, or a common biosynthetic path­
way. In other words, genotypic correlations describe a 
common heredity between two traits exclusive of environmental 
effects. Falconer (1952) extended the idea of genotypic 
correlations to apply to inter-experiment associations for 
the same trait, e.g., the correlation of grain yield in one 
test with grain yield in a second. Robertson (1959) 
presented the theoretical basis for Falconer's idea and 
provided various formulas for calculating the genotypic 
correlations and their appropriate standard errors. 
Dickerson (1962) estimated genetic correlations using 
genotypic and genotype x environment interaction variance 
components from an analysis of variance such that an average 
degree of genetic correlation was obtained when many test 
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environments were Involved. Yamada (1962) tested corrcla-
tlon of the same trait under different environments from 
two view points: (a) as different traits because the genes 
that controlled the trait under a particular environment 
may be partially different from those that controlled the 
trait under a different environment, and (b) as the same 
trait. When he tested larvel weight of Tribolina using 
two nutritional levels, he found exactly the same genotypic 
correlations whether he made assumption (a) or assumption 
( b ) .  
Miller, Williams, Robinson, and Comstock (1958), working 
with upland cotton emphasized that the correlations among 
traits 'Observed in a study, apply only to the specific 
population analyzed. Inter-relationships may vary according 
to the gene associations in parental lines that spavm segre­
gating populations, or according to the mean values of the 
traits under study. 
Several workers have estimated correlations between 
grain yield and other plant traits. Gandhi, Sanghi, Nathawat, 
and Bhatnagar (1964) working with wheat, found the comparable 
phenotypic and genotypic correlations among plant traits 
were similar in magnitude. Grain yield was highly positively 
correlated with number of spikes per plant, 100-seed weight, 
and number of seeds per spike, and showed little or no 
correlation with other traits. Spikelets per spike were 
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positively correlated v/ith grain number per spike and flower­
ing tltiie. Using plant data from oats, Petr and Prey (1966) 
found genotypic correlations of 0.66, 0.54, O.I8, 0.59 and 
0.71 for grain yield with plant height, panicle length, 
heading date, number of spikelets per panicle and number of 
panicles per plant, respectively, when averaged for 15 oat 
crosses. Genotypic correlations of yield with plant height 
and lOO-seed weight of oats were 0.46 and O.19 respectively, 
according to Huang (1967). He also found genotypic correla­
tions of -O.I8 and 0.15 for lOO-seed weight with heading 
date and plant height, respectively. 
Inter-experiment genotypic correlations for the same 
trait were used by Frey (1965) to compare different plot 
sizes for testing oats. The genetic correlations for grain 
yield, heading date and plant height, between hill-plot 
and rod-row experiments were O.98, 0.96 and O.96, respec­
tively. He used these genotypic correlations in the 
indirect response-direct response formula of Falconer (1952), 
and found that to obtain the selection efficiency equivalent 
to that from three replicates of rod rows would require five, 
four and two replicates of hill plots for grain yield, 
heading date, and plant height, respectively, 
Fiuzat and Atkins (1953) found genotypic correlations 
in a barley population of -0,50, -0,20 and -0,15 for heading 
date with plant height, grain yield, and kernal weight. 
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respectively, and 0.46 and 0.13 for plant height v/ith grain 
yield and kernal weight, respectively. 
Fore and Woodworth (1933) found a non significant 
phenotypic correlation of 0.11 between 100-seed weight and 
grain yield for several oat varieties, but Prey (1962) 
found significant phenotypic correlation between 100-seed 
weight and grain yield in four of six oat crosses. 
Wallace et al. (1954) found phenotypic correlations of 
0.70, -0.02, 0.96, 0.09 and 0.82 between grain yield and 
plant height, culm number, number of seeds per plant, seed 
weight, and number of seeds per panicle, respectively, for 
oats in the generation. Por the most part, their 
comparable phenotypic and genotypic correlations were nearly 
equal in magnitude. Bartley and Weiss (1951)^ using 19 oat 
crosses Involving the variety Bond, found phenotypic 
correlations between grain yield and 100-seed weight of 0.22 
and 0.46 for early and midseason varieties, respectively. 
Foth, Robertson, and Brovm (1964) working with the variety 
Garry in a row spacing study obtained a three year mean 
phenotypic correlation of 0.42 between grain yield and 100-
seed weight. 
Researchers, in other small grains, such as Waldron 
(1926) and Bridgford and Hayes (1931) working with wheat 
and Rutger, Schaller, and Dickson (1967) working with barley 
found phenotypic correlations betvreen grain yield and 100-
seed weight of 0.69, 0.38, and 0.29 respectively. 
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(ienorype-Jinvironmem; interaction 
The phenotypes observed by a plant breeder result from 
an interaction of genotype and environment, for example, 
genotypes may show differential productivities in two 
environments. This lack of corresponding response for two 
or more genotypes when tested in varying environments is 
defined as genotype-environment interaction. 
Conflicting evidence of genotype-environment interaction 
existence for yield for small grains has been reported. No 
variety-fertility level interaction was found for barley, 
oats or wheat by Gregory and Crowther (1928), Lamb and 
Salter (1937), and Reitz and Myers (1944), respectively. 
However, important genotype-environment interactions were 
found for yield in wheat (Worzella, 1943 and Salmon, 1951), 
barley (Frey, Robertson, Cook and Dovm, 1952), and oats 
(Grafius, 1956; Johnson, 1965; and Vela, I968). Evidence of 
the existence and importance of genotype-environment inter­
action Vf as given by Rojas and Sprague (1952). Working with 
corn, they found interactions involving specific combining 
ability and locations or years were consistently larger than 
corresponding interactions involving general combining 
ability, suggesting that non additive gene action (due to 
dominance and epistasis) is more interactive with environ­
ment than is additive gene action for yield. 
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Attempts to better understand genotype-environment 
interaction variances have been made by many researchers. 
Differential effects of genetically uniform (single crosses) 
and heterogeneous (double crosses or top crosses) corn 
varieties on genotype-environment interactions were found 
by Sprague and Federer (1951). They found considerably 
greater variety-location and variety-year Interactions with 
the genetically uniform varieties. Johnson, Robinson and 
Comstock (1955) using two segregating populations of 
soybeans, showed genotype-environment interactions to be 
higher for yield than for other traits. They were able to 
reduce apparent genetic variability estimated from one 
location in one year by Jl percent when the Interactions of 
genotypes with locations and years were removed. Prey 
(1959) found that in five of six experiments, variety-
location interactions for oat yield were greater than 
similar interactions for yield components. Parsons and 
Allard (196O) suggested that genotype-environment interaction 
for simply Inherited traits may be conditioned largely by 
the reaction of the background genotype to environmental 
modification. Recognizing the complexity of the types of 
genotype-environment interactions and their effect of 
masking the true genotypic values, Allard and Bradshaw (1964) 
suggested a simplification by investigating traits with 
less complex inheritance. Horner and Frey (1957) found 
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that the relative importance of variety-location interaction 
present for oat varities tested in Iowa, could be substan­
tially reduced by dividing the state into four subareas, 
Using unselected oat populations with broad genotypic bases 
for yield, Johnson (1965) and Vela (1968) concluded that 
although genotype-environment interactions were significant 
in their studies, they were of relatively little importance 
when compared to the among line variances. Vela (1968) 
found the lines variance component was 4.7 times larger 
than uhe genotype-environment interaction component for a 
high productivity environment, and 1.2 times larger in the 
low fertility environment. 
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MATERIALS AND METHODS 
My study Involved the testing of 1200 lines of oats 
(Avena satlva L.) in six experiments, i.e., three Iowa 
testing sites, Ames, Cresco, and Sutherland in each of two 
years, 19Ô7 and 1968. 
Materials 
My experimental materials were 1200 F^-derived lines 
of oats. These lines were extracted from a composite 
population originated in 1958 by mixing together Fg seeds 
(10 g per cross) of 75 oat crosses. This composite was 
grown in 1958 to increase the seed supply, and in 1959, a 
random sample of it (in P^) was grown under an induced 
epiphytotic of crown rust. This composite was grown in the 
crown rust nursery for all generations through Fg. Starting 
with the 1959 grown material, the following mass selection 
procedures were applied to the composite: 
a. Seed from F^, F2^, F^, F^ and Fg generations was 
passed through a fanning mill to eliminate light­
weight seeds that were produced on crown rust 
(Puccinia coronata Cda.) susceptible plants. 
b. Plants in the F^^, F^ and Fg generations were clipped 
to a height equivalent to a desirable check variety 
to eliminate whole or partial panicles of tall 
genotypes. 
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c. Al'ter Clipping or plants xn tne ana r^ 
generation, only 10 era of remaining panicles were 
harvested to eliminate whole or partial panicles 
of short genotypes. 
d. Plants in the generation were harvested when a 
midseason check (Clintland variety) was ripe and 
threshed without drying. This eliminated seeds from 
late genotypes "by mashing them. 
In 1966, a random sample of 10,000 spaced plants were 
grown. After threshing, I divided these plants into two 
groups: (a) those yielding more than 6 g of seed per plant, 
and (b) those yielding less than 6 g. From group (a) I 
used 1200 random lines for my experiments. 
Experimental Procedures 
Each experiment was conducted in a randomized incomplete 
block design with three replicates . The 1200 lines were 
divided into 15 groups of 80 lines each. Within an experi­
ment, the groups were assigned to the 15 blocks at random, 
and subsequently, the 80 lines of a group were randomly 
assigned to plots within a block. A plot was a hill sown 
with 32 seeds. Hills were spaced 30.5 cm apart in perpendi­
cular directions, and sovm with a corn "jab planter". The 
plots of one replicate were sown in a range that was I6 rows 
of hills wide (6 m) and 24.5 m long, and each replicate was 
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surrounded by two rows of hills to provide competition t'or 
border plots In the experiment. 
The experiments were conducted in I967 and 190S on Iowa 
State University research I'arms near Ames, Sutherland, and 
Cresco, Iowa. Each site tends to have a different amount 
and distribution of rainfall, and different seasonal 
temperatures. The Ames site has a rich glacial till soil, 
82 cm annual rainfall, and moderate temperatures for early 
spring growth. The Sutherland site has a deep loess soil, 
71 cm annual rainfall, and occasional late spring frosts. 
The Cresco site has a shallow glacial till soil with an 
impervious subsoil that causes drainage problems, and 86-cm 
annual rainfall, and very cool spring temperatures. The 
temperature and rainfalls differed in the two years at each 
site, so essentially I had six environments. 
Each year the oats were planted the last week in March 
at Ames, the first week in April at Sutherland, and the 
second week in April at Cresco. The plots at Ames and 
Sutherland followed soybeans in a corn-soybeans-oats-meadow 
rotation and were fertilized with 18-27-27 kg per hectare of 
N, P and K. At Cresco the oats followed three years of 
continuous red clover in 1957 and oats in I9Ô8 with no 
fertilizer added in either year. 
Each experiment was hoed to control weeds and sprayed 
with a fungicide (zineb) at weekly intervals from 
18 
the rirst week or June until narvesc to control roiiar 
diseases. 
Data Collection 
I measured five traits on each oat line. Plant height, 
plant weight, grain weight, 100-seed weight, and straw 
weight were taken on three replicates in each experiment. 
Plant height was measured as the number of centimeters from 
the ground surface to the top of the panicles in the plot. 
Plant weight was the combined air dry weight of straw and 
grain from a plot. Grain and straw were separated, weighed 
and recorded on a plot basis. The trait, 100-seed weight, 
was obtained by counting and weighing 100 seeds from each 
plot. 
Statistical Procedures 
For statistical analysis of a randomized incomplete 
block design, such as I employed the following model was used. 
Y(IJK)^  = urn 4- C(JK)^ + 
where : 
I = replicate (1-3) 
J = block (1-15) 
K = entries within blocks (l-80) 
and 
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Mm 
A ( I ) m  
AB(IJ)^ 
E{IJK)^ 
When the data from all six experiments were combined 
into one analysis, the following model was used: 
Y(IJKLM)^ = Mm+A(l)^+ B(j)^+ AB(IJ)^+ C(lJK)^+ D(L)^ 
+ AD(IL)^+ BD(jL)jj^+ ABD(lJL)jj^+ CD(IJKL)^ 
F(LM) AF(ILM) BP(JLM) ABP(lJLM)^ 
^ 'm m ^ 'm m 
E(IJKLM)^ 
where : 
I = years (1-2) 
J = sites (1-3) 
K = replications (1-3) 
L = blocks (I-I5) 
M = entries vf/groups (I-80) 
and 
= effect common to all observations of 
= effect common to all observations of the Ith 
replicate, 
= effect common to all observations of the Jth 
block, 
= effect common to all observations of the IJth 
replicate-interaction, 
= effect common to all observations of the Kth 
entry within the Jth block, and 
= effect of random variation of a particular 
IJKth observation. 
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urn = effect common to all observations of Y 
m 
A(l)^ = effect common to all observations of the Ith 
year, 
B(j)^ = effect common to all observations of the Jth 
site, 
AB(IJ) = effect common to all observations of the IJlh 
m 
year-site interaction, 
C(IJK)^ = effect of random variance of a complete 
(block/years/sties) replicate, 
D(L) = effect common to all observations of the Lth 
'm 
incomplete block, 
AD(IL) = effect common to all observations of the ILth 
year-block interaction, 
BD(JL) = effect common to all observations of the JLth 
^ ' rn 
site-block interaction, 
ABD(IJL) = effect common to all observations of the 
^ 'm 
IJLth year-site block interaction, 
CD(IJKL) = effect of random variance of a complète 
^ ' m 
(block/years/sites) replicate-incomplete 
block interaction, 
P(LM) = effect common to all observations of the Mth 
m 
entry within the Lth block, 
AF(ILM) = effect common to all observations of the 
ILMth year-entry within block, 
BF(JLM) = effect common to all observations of the 
^ 'm 
JLMth site-entry within block. 
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ABF(IJLMJ = effect common to all observations and the 
^ m 
IJLMth year-site-entry within location, and 
E(IJKLM)^ = effect of random nature of a particular 
IJKLMth observation. 
The model used for the analysis of a block within an 
experiment and year is as follows: 
Y = urn + A(I)^ + B(J)^ + E(IJ)^ 
where : 
I = replications 1-3 
J = entries I-80 
and 
|jin = effect common to all observations of 
m 
A(l)m = effect common to all observations of the Ith 
replicate 
Bfj) = effect common to all observations of the Jth 
^ 'm 
entry, 
E(IJ) = effect of random variance of a oarticular IJth 
observation. 
In the above models all effects were considered random. 
For an individual experiment, heritability percentages 
on per-plot and per-experiment bases were calculated by 
use of the following formulae, respectively: 
« = i/'s + i ^"<1H = + % ' 
2 2 
where cr and a equal the genetic and error variance compon-
S ® 
ents, respectively. Also, variance components from the 
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combined analysis of all experiments were used to calculate 
heritabllity percentages on per-plot and per-experiment 
bases, according to the following respective formulae: 
H = 
g S 
p 2 
+ °sy + °si + gyl e 
and 
H = Cj2/a2 
S S 
a^. a2 
e 
RYL 
2 
where a2 gy' "h- 4yl are e equal 
variance component, genotype-year variance component, 
genotype-location variance component, genotype-year-location 
interaction variance component and error variance component, 
respectively, and Y, L, R are years, locations and repli­
cations, respectively. 
Phenotypic correlations between two plant traits or 
between measurements of the same trait from two experiments 
were calculated, using line means, with the following 
formula : 
r^^ = Cov(ab)/vHiVar (a)][Var (b)] 
where Var (a), Var (b), and Gov (ab) are equal to the 
variance among lines for trait (a), variance among lines 
for trait (b), and covariance of the line means of traits 
(a) and (b), respectively. 
In one sense, phenotypic correlations between measure­
ments of the same trait in two experiments (i.e., environ­
ments) also are heritabilities. This is not the usual 
manner in which heritability is perceived, because there is 
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no a priori parent-offspring relationship involved, but 
It does provide a measure of repeatability of productivity. 
Standard unit heritabilities were computed for each 
environment as the phenotypic correlation of a plant trait 
in an environment with the mean expression of the same 
trait in the other five environments of the study. 
When averaging a group of correlations, I transformed 
the r's to Z values before averaging. This was accomplished 
with the following formula (Snedecor, 1956): 
Z = |[Logg(l-fr) - Logg(l-r)] 
Genetic advances from selection were predicted by the 
formula: 
G_ = K H a., (Allard, I96O), where K, H, and a , b pn oil 
are equal to the selection differential constant (I.76 at 
the 10 percent selection level), heritability of the trait 
in question, and phenotypic standard deviation, respectively. 
Coefficients of variability (C.V.'s) were obtained by 
dividing the standard deviation (s) of an experiment by 
the mean (x) of the experiment and multiplying by 100. 
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RESULTS AND DISCUSSION 
Variability in Statistical Estimates 
To ascertain the extent of variability among estimates 
of certain statistics obtained when samples are drawn from 
a population, 1200 oat lines were divided into fifteen random 
80-line groups (i.e., samples). The statistics studied were 
coefficients of variability, correlations among plant 
traits, genotype and genotype-environment interaction 
variances, variance component heritabilities (i.e., herit-
abilities calculated as the ratio of genotypic variance 
to genotypic plus environmental variances), and standard 
unit heritabilities (i.e., herltabilities resulting from 
correlating a trait in one environment with the mean of the 
same trait for five other environments). 
Variability among heritability values (calculated from 
variance components) for the 1200-line population between 
environments (Table l) illustrates the important point that 
heritability of a trait in a given population of lines is 
measured relative to the environment in which the test is 
conducted. For example, the heritability percentages, on a 
per-plot basis, ranged from 32 to 62, 20 to 44, 26 to 4l, 52 
to 71 and 20 to 44 for plant height, plant weight, grain 
weight, 100-seed weight and straw weight, respectively in 
the six test environments. The ranges for some traits were 
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Table 1. Variance-component heritability percentages for 
five plant traits on per-plot and per-experiment 
bases computed for the 1200-line oat population 
in six environments 
Plant Heritability Environments 
Trait Base I 2 3 5 5 E~ 
Plant height Per--plot 55 62 58 45 32 42 49 
Fer--experiment 71 77 74 71 58 68 70 
Plant weight Per--plot 44 32 44 22 20 35 33 
Per-•experiment 71 58 70 46 42 62 58 
Grain weight Per-•plot 37 32 4l 26 34 34 34 
Per-•experiment 64 58 68 51 60 60 60 
100-seed weight Per-•plot 56 71 71 52 70 57 63 
Per-•experiment 80 88 88 76 88 80 83 
Straw weight Per-•plot 42 34 44 22 20 35 33 
Per-•experiment 68 61 71 45 42 61 58 
more than 100 percent of the lowest values. 
Within each environment (i.e., site-year experiment), 
there was also considerable variation among the heritability 
percentages estimated for 80-line groups. For example, 
heritabilities on a per-plot basis varied for plant height 
from 21 to 77 percent in environment 1 and from 23 to 82 
percent in environment 2, ranges of 56 and 59 units, respec­
tively, and from 20 to 48 percent in environment 5j a range 
of only 28 units (Table 2). Similar ranges were observed 
for the heritability percentages of other traits among 
the samples of 80 lines. There was no apparent tendency 
for any one group of lines to produce consistently high 
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Table 2. Variance-component heritability percentages on a 
per-plot basis for plant height computed for 80-
llne groups in six environments 
Group Environments Mean 
1 2 3 4 5 6 
1 71 51 65 48 35 67 56 
2 75 76 56 53 43 66 62 
3 77 79 66 64 28 65 63 
4 57 77 69 62 43 55 61 
5 66 71 65 52 40 35 55 
6 70 73 64 4l 20 59 55 
7 21 23 6o 44 41 65 42 
8 68 75 57 61 43 50 59 
9 69 54 72 49 44 54 57 
10 70 67 63 37 32 48 53 
11 50 67 71 23 36 59 51 
12 63 70 66 39 36 57 55 
13 55 72 69 49 52 55 59 
14 57 72 48 54 48 63 57 
15 55 82 62 47 37 52 56 
Mean 62 67 64 48 39 57 55 
or low heritability percentages either across traits or across 
environments for a single trait (Tables 52-55). For example, 
group 7 had a mean heritability percentage for plant height 
across environments of 42, nine units less than any other 
group, but group 7 had unusually low heritabilities only in 
environments 1 and 2. 
When the mean heritability percentages were computed 
(calculated via variance components) for samples of 80 
within each environment the values seemed to correspond to 
those calculated from the 1200-line populations (Table 2) 
except they tended to be slightly larger. In 2, 13, and 15 
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environment-trait combinations, the mean heritabilities for 
80-line samples were lower, the same and higher, respectively, 
than the heritabilities computed for the corresponding 1200-
line populations. 
Heritability percentages calculated on a per-experiment 
basis (Table l) showed the same trends as those on a per-
plot basis, except that their magnitudes were greater (49, 
25, 56, 20 and 25 units greater for estimates from the 1200 
lines for plant height, plant weight, grain weight, 100-seed 
weight, and straw weight, respectively) as a result of the 
decreased importance of the error variance component in the 
heritability formula where it was divided by replication 
number. Breadth in ranges of heritability estimates from 
the 80-line samples on a per-experiment basis (Table 3) 
were similar to those on a per-plot basis. For example, 
plant height heritabilities ranged from 56 to 72 percent 
in environment 3 and from 23 to 82 percent in environment 
2, ranges of I6 and 59 units, respectively, on a per-plot 
basis, whereas on a per-experiment basis, comparable values 
ranged from 65 to 84 percent in environment 3 and from 37 to 
90 percent in environment 2, ranges of 19 and 53 units, res­
pectively. I found similar ranges for the other traits 
(Tables 56-59). 
Variation in environment standard unit heritability 
percentages for the 1200-line population also illustrates 
that a heritability value of a trait is measured relative 
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Table 3. Vari ance-component heritabillty percentages on a 
per-experiment basis for plant height computed for 
80-1 ine groups in six environments 
Group Environments Mean 
1 2 3 4 5 6 
1 83 68 79 73 62 86 75 
2 86 87 72 77 69 85 79 
3 87 88 79 84 53 85 79 
4 73 87 82 83 69 78 79 
5 80 83 78 77 66 61 74 
6 83 84 78 68 43 81 73 
7 34 37 75 70 68 85 62 
8 81 86 73 82 69 75 78 
9 82 70 84 74 71 78 77 
10 83 80 77 64 59 73 73 
11 66 80 83 48 63 81 70 
12 77 82 80 66 63 80 . 75 
13 71 84 81 74 76 79 78 
14 73 84 65 78 74 84 76 
15 71 90 76 73 63 77 75 
Mean 75 79 77 73 65 79 75 
to the environments for which it was estimated. Heritahil-
ities, calculated via this method, ranged from 63 to 75j 
37 to 64, 46 to 59j 72 to 86, and 32 to 65 percent in the 
six environments for plant height, plant weight, grain weight, 
100-seed weight and straw weight, respectively (Table 4) .  
It is interesting that the magnitude of these percentages 
are only slightly smaller than comparable values calculated 
using variance-component heritabilities on a per-experiment 
basis (Tables 1 and 4). The heritabilities from the latter 
method were larger by 0, 3i 7, 4 and 2 percent for plant 
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Table 4. Standard unit heritability percentages for five 
plant traits computed for the 1200-line oat 
population in six environments 
Plant Environments Pooled^ 
Trait 1 2 3 4 5 6 
Plant height 64 73 72 74 63 75 70 
Plant weight 64 60 62 51 37 57 55 
Grain weight 53 54 59 54 46 53 53 
100-seed weight 80 80 86 78 72 79 79 
Straw weight 65 64 63 50 32 59 56 
Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956) 
height, plant weight, grain weight, 100-seed weight and 
straw weight, respectively, than comparable standard unit 
values. Perhaps one would expect the standard unit values 
to be the higher ones because they represented correlations 
based on l8 replicates, i.e., 15 for the dependent and three 
for the independent variable, whereas the variance-component 
heritabilities were based on only three replicates. Greater 
numbers of replicates leads to greater precision of estima­
tion. On the other hand, the variance-component heritabil­
ities were calculated within environments and thus, 
probably, were biased upward by inclusion of genotype-
environment interaction variances in the estimation of 
genotypic variances. In my study, the increased precision 
of the standard unit heritabilities was more-or-less counter­
balanced by genotype-environment interactions included in 
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the variance component values. There does not seem to be 
any a priori reason why this offsetting effect should occur. 
Probably it is a fortuitous happenstance that would vary 
with genetic materials and environments. 
Considerable variation was also found among standard 
unit heritability estimates from 80-llne groups within each 
environment. Using plant height as an example, herltabilltles 
varied from 5^ to 85 percent in environment 2, a range of 31 
units, to a range of 72 to 86 percent in environment 6, a 
range of only l4 units (Table 5)• Sizeable ranges occurred 
for the other four plant traits also (Tables 6O-63)• 
Variability among heritability percentages for 80-llne 
groups pooled across environments was as extensive as 
environment means. Pooled herltabilltles for grain weight 
on a per-plot basis, for example, had an I8 unit range among 
80-line groups and a 15 unit range among the six environments 
(Tables 6 and l). Similar ranges occurred for the four 
other plant traits both among groups and among environments 
(Tables 6-8 and l). 
The variation in heritability percentages computed via 
either estimation procedure (i.e., variance component or 
standard unit) supports the hypothesis that the magnitude 
of the heritability percentage of a trait for a given 
population is always relative to the environment In which 
the test is conducted. The sizeable variation in herit­
ability percentages between environments was somewhat 
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Table 5. Standard unit heritability percentages for plant 
height computed for 80-line groups in six 
environments 
Group Environments Pooled^ 
1 2 3 4 5 6 
1 69 74 74 81 68 76 75 
2 81 77 71 75 58 83 75 
3 85 81 84 88 68 82 82 
4 70 80 77 76 56 72 73 
5 79 76 76 75 70 83 78 
6 79 71 69 66 63 80 72 
7 56 54 66 63 56 77 63 
8 84 85 81 82 72 86 83 
9 77 75 75 80 68 78 77 
10 75 73 70 64 72 79 73 
11 77 74 78 68 66 80 75 
12 77 84 78 75 62 83 78 
13 73 81 69 78 70 78 76 
14 70 80 65 78 66 81 74 
15 78 80 76 74 62 75 75 
Pooled 75 76 74 75 65 80 76 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
Table 6. Mean variance-component heritability percentages 
for five plant traits on a per-plot basis for 
fifteen 80-line grouos across six environments 
Group Plant Trait 
Plant 
height 
Plant 
weight 
Grain 
weight 
100-seed 
weight 
Straw 
weight 
1 56 37 42 61 34 
2 62 37 36 62 35 
3 63 40 38 59 42 
4 61 34 38 60 34 
5 55 35 38 64 36 
6 55 31 34 64 31 
7 42 39 39 69 39 
8 59 27 27 62 31 
9 57 34 33 68 32 
10 53 37 46 66 37 
Table 6 (continuea) 
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Group Plant Traits 
Plant Plant Grain 100-seed Straw 
height weight weight weight weight 
11 51 31 29 67 31 
12 55 35 40 66 32 
13 59 35 37 67 35 
14 57 32 32 58 33 
15 56 30 28 6l 31 
Table 7- Mean variance-component heritability percentages for 
five plant traits on a per-experiment basis for 
fifteen 80-line groups across six environments 
Group Plant Traits 
Plant Plant Grain 100-seed Straw 
height weight weight weight weight 
1 75 62 68 82 58 
2 79 63 62 82 60 
3 79 65 63 80 67 
4 79 59 65 81 57 
5 74 58 64 83 60 
6 73 55 6l 84 56 
7 62 64 66 87 64 
8 78 50 51 83 54 
9 77 59 58 86 57 
10 73 61 70 84 61 
11 70 56 54 85 56 
12 75 59 66 84 56 
13 78 58 61 86 58 
14 76 58 58 79 59 
15 75 54 54 82 56 
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Table 8. Pooled sta ndard unit heritability percentages ror 
five plant traits for fifteen 60-line groups across 
six environments 
Group Plant Trait 
Plant Plant Grain 100-seed Straw 
height weight weight weight weight 
1 75 66 65 76 64 
2 75 59 57 82 58 
3 82 66 57 74 69 
4 73 55 60 82 50 
5 78 62 59 82 64 
6 72 54 54 80 56 
7 63 66 65 86 64 
8 83 55 48 80 62 
9 77 56 51 84 57 
10 73 56 48 84 62 
11 75 48 47 84 50 
12 78 60 59 86 58 
13 76 43 42 82 48 
14 74 52 46 76 54 
15 75 48 63 77 49 
unexpected "because of the very large number of lines tested 
(1200), but even more surprising was the extent of variability 
evident among 80-line samples within a single environment. 
Apparently, the wide fluctuations found in heritability 
percentages for a given trait among 80-line groups in one 
environment or for a 1200-line population in several 
environmentsJ were due to fluctuations in the genotypic 
variance estimates, because the environmental variances, 
measured as coefficients of variation, were rather uniform 
among groups and among environments. The C.V.'s for the 
1200-line population in the six environments (Table 9) were 
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Table 9. Coefficients of variability for five plant traits 
for the 1200-line oat population in six environ­
ments 
Plant Environments 
Trait I 2 3 9 5 Mean 
Plant height 4 .2 4 .3 3.3 3 .8 4 .9 3 .6 4 .0 
Plant weight 14 .8 14 .7 14.1 15 .6 17 .0 13 .5 15 .0 
Grain weight 17 .7 15 .6 15.6 16 .5 18 .6 14 .0 16 .3 
100-seed weight 7 .7 5 .8 5.6 7 .1 5 .7 6 .6 6 .4 
Straw weight 16 .3 15 .7 15.1 17 .5 18 .6 15 .9 16 .5 
quite uniform. For example, the ranges were 3.3 to 4.9, 
13.5 to 17.0, 14.0 to 18.6, 5.6 to 7.7, and 15.0 to l8.6 
percent for plant height, plant weight, grain weight, 100-
seed weight, and straw weight, respectively. 
Ranges of C.V.'s among 80-line groups within each 
environment were only slightly greater th?n those between 
environments for the 1200-line population. C.V.'s for grain 
weight, for example, ranged from 12,1 to 15.3 percent in 
environment 6 and from 13.1 to 20.0 percent in environment 
3, ranges of 3.2 and 6.9 units, respectively (Table lO). 
Similar small ranges were found for the other traits 
(Tables 64-67 ). 
In general, the phenotypic correlations for any two 
plant traits for the 1200-line population were quite uniform 
from one environment to another (Table 11). For example. 
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Table lu. iJoemcienrs or variaoiixty for gi-axn v/eignc x ox-
fifteen 80-line groups across six environments 
Group Environments 
— 2 3 n 5 Mean 
1 16.7 17.5 15.1 15.9 18.5 12.5 16.0 
2 21.0 l4.l 18.0 15.3 17.6 14.7 16.8 
3 16.3 17.1 l4.6 15.8 19.8 15.3 16.5 
4 18.1 16.1 13.9 15.1 18.7 14.0 16.0 
5 17.4 16.1 13.1 17.7 17.9 14.0 16.0 
6 15.6 13.7 14.5 13.9 20.3 13.3 15.2 
7 16.9 17.8 15.3 14.2 18.6 12.1 15.8 
8 19.2 15.3 14.6 18.8 18.5 13.0 16.6 
9 17.0 16.5 16.1 15.6 16.5 14.7 16.1 
10 14.8 15.4 13.2 17.8 20.5 14.3 16.0 
11 19.4 15.9. 20.0 17.6 16.9 13.2 17.2 
12 15.7 14.2 15.0 17.7 19.0 15.0 16.1 
13 16,1 14.5 14.5 18.9 17.9 14.5 16.1 
14 18.7 14.2 19.5 14.4 19.8 14.5 16.9 
15 16.9 15.5 16.8 17.1 17.1 14.4 16.3 
Mean 17.3 15.6 15.6 16.4 18.5 14.0 16.2 
Table 11. Phenotypic correlations between five plant traits 
for the 1200-line oat population in six environ­
ments 
Relationship En vi r o nme n ts ^ Pooled^ 
1 2 3 4 5 6 
Height with 
0.45 0.45 0.45 plant wt, 0.39 0.50 0.35 0.50 
Height with 
0.28 0.38 grain wt. 0.37 0.19 0.35 0.30 0.32 
Height with 
-0.18 -0.08 -0.14 100-see'd wt. -•0.07 -0.07 -0.02 -0.09 
Height with 
0.56 0.46 straw wt. 0.44 0.49 0.56 0.34 0.39 
Plant wt. with 
grain wt. 0.88 0.90 0.92 0.84 0.78 0.86 0.87 
Plant wt. with 
100-seed wt. -0.04 -0.01 0.05 0.04 0.18 0.13 0.06 
,Value required for significance at the 1^ level is O.O8I. 
Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
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Table il (convinuea} 
Relationship Environments Pooled 
1 2 3 •4 5 6 
Plant wt. with 
straw wt. 0.95 0.95 0.95 0.93 0 
00 CO 
0.94 0.94 
Grain wt. with 
100-seed wt. 0.09 0.07 0.15 0.13 0 .32 0.24 0.17 
Grain wt. with 
straw wt. 0.70 0.72 0.76 0.60 0 .40 0.62 0.63 
100-seed wt. 
with straw 
wt. •0.13 -0.06 -0.04 -0.03 0 .02 0.04 -0.03 
100-seed weight was poorly correlated with all other traits 
in all environments. Also note the xiniformly high correla­
tions for the "spurious" relationships of grain and straw 
weights with plant weight. The correlations for 80-line 
groups tested in the same environment were somewhat more 
variable than those among environments for the 1200-line 
population. As an example, the correlations between plant 
height and plant weight ranged from 0.35 to 0.50 among 
environments for the 1200-line population, but among 80-line 
groups, they ranged from O.27 to 0.48 in environment 2 and 
from 0.23 to 0.54 in environment 4 (Table 12). Likewise, 
for plant height—grain weight correlations, the range among 
environments for the 1200-line population ranged from 0.19 
to 0.38, but among 80-line groups, they ranged from O.I5 to 
0.37 in environment 4 and from O.O9 to O.6O in environment 
6 (Table 13). I found similar ranges in phenotypic 
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Table 12. Fhenotyplc correlations Derween plant neignt ana 
plant weight for fifteen 80-line groups in six 
environments 
Group Environments^ Pooled^ 
1 2 3 4 5 6 
1 0.56 0.48 0.58 0.46 0.60 0.66 0.56 
2 0.58 0.37 0.52 0.35 0.58 0.53 0.50 
3 0.61 0.44 0.48 0.54 0.56 0.64 0.55 
4 0.52 0.31 0.48 0.23 0.46 0.67 0.46 
5 0.48 0.43 0.53 0.36 0.46 0.59 0.47 
6 0.42 0.38 0.46 0.25 0.45 0.49 0.4l 
7 0.43 0.42 0.52 0.35 0.52 0.58 0.48 
8 0.49 0.40 0.53 0.33 0.51 0.43 0.45 
9 0.53 0.48 0.63 0.32 0.64 0.48 0.51 
10 0.62 0.37 0.52 0.31 0.56 0.42 0.47 
11 0.44 0.27 0.40 0.42 0.49 0.42 0.4l 
12 0.56 0.40 0.56 0.30 0.46 0.57 0.48 
13 0.47 0.34 0.52 0.31 0.37 0.49 0.42 
14 0.39 0.45 0.31 0.36 0.53 0.56 0.44 
15 0.37 0.48 0.37 0.41 0.51 0.42 0.43 
Pooled 0.52 0.40 0.50 0.35 0.51 0.53 0.47 
^Values necessary for significance at the 5.0 and 1.0 
percent levels are 0.217 and 0.283, respectively. 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
"Table 13. Phenotypic correlations between plant height and 
grain weight for fifteen 80-line groups in six 
environments 
P "K Group Environments Pooled 
1 2 3 4 5 6 
1 0.47 0.36 0.48 0.42 0.61 0.60 0.49 
2 0.49 0.17 0.38 0.28 0.56 0.29 0.36 
3 0.50 0.24 0.25 0.37 0.51 0.44 0.39 
4 0.44 0.11 0.35 0.32 0.41 0.45 0.35 
5 0.38 0.17 0.38 0.15 0.26 0.36 0.28 
6 0.39 0.19 0.29 0.21 0.28 0.21 0.27 
Values necessary for significance at the 5.0 and 1.0 
percent levels are 0.217 and 0.283, respectively. 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
39 
Tctulc: J-iiUCva y 
Group Environments Pooled 
1 2 3 4 5 5 
7 0.42 0.30 0.40 0.35 0.33 0.36 0.36 
8 0.38 0.06 0.33 0.19 0.27 0.10 0.22 
9 0.40 0.19 0.55 0.31 0.43 0.24 0.36 
10 0.53 0.l8 0.37 0.24 0.34 0.19 0.31 
11 0.44 0.10 0.23 0.34 0.30 0.24 0.28 
12 0.49 0.09 0.38 0.23 0.35 0.34 0.31 
13 0.4l 0.19 0.39 0.27 0.26 0.39 0.32 
l4 0.30 0.15 0.l6 0.25 0.29 0.37 0.25 
15 0.23 0.27 0.18 0.30 0.26 0.09 0.22 
Pooled 0.42 0.19 0.34 0.28 0.36 0.31 0.32 
correlations among 80-line groups within an environment for 
all other trait pairs (Tables 68-75). 
Since the phenotypic correlations for a pair of traits 
did not differ greatly among environments when 1200 lines 
were tested, it would appear adequate to use a single 
environment to determine relationships among plant traits. 
However, the relatively large ranges in phenotypic correla­
tions observed among groups within an environment indicate 
that 80 lines probably is not sufficient to give accurate 
estimates of the relationships among plant traits. 
Genotypic (lines) and genotype-environment interaction 
(years-lines, sites-lines, years-sites-lines) variance 
components were calculated from a combined analysis over 
years and sites for 80-line groups and for the 1200-line 
4o 
population roi' eacn ti-ait. The variance coiupoiienls fox- tne 
80-line groups ranged both above and below those obtained for 
the 1200-line population in each category (Tables l4-l8). 
For plant height (Table l4) and 100-seed weight (Table I7) 
the genotypic variance components were quite uniform among 
the 80-line groups, ranging from 10.1 to I6.3 for plant 
height and from 0.0306 to 0.0559 for 100-seed weight. For 
the other three traits, the ranges in genotypic variance 
components among 80-line groups were rather large, in each 
case being greater than the lowest value. As predicted in 
the heritability section above, the genotypic variance 
components were highly variable, and therefore, probably 
accounted for the extreme fluctuations in heritability 
percentages. 
Estimates of genotype-environment interaction variances 
also varied extensively among 80-line groups. For example, 
for grain weight the year-line, site-line, and year-site-
line interactions ranged from 5-01 to 21.37j -3.29 to 12.33, 
and -1.75 to 21.17, respectively (Table I6) and for 100-
seed weight from 0.0306 to 2.0559, -0.0020 to 0,0040, and 
-0.0012 to 0.0033, respectively (Table 17). Ranges of 
similar magnitude also occurred for the other three traits 
examined (Tables l4, 15 and I8). Note that some of the 
interaction variance components were negative, which 
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theoretically represent unrealistic values, borne authors 
call all negative values zero, but I have chosen to retain 
them as real estimates of the parameters. 
Table l4. Plant height variance components for lines, years-
lines, sites-lines, years-si tes-lines and error 
from 80-line groups and the 1200-line oat 
population 
Group Lines Years Sites Years - sites Error 
-lines -lines - lines 
1 14.00 0.56 0.01 3.70 13.32 
2 14.79 0.47 -0.76 3.59 11.54 
3 16.31 2.52 -0.12 1.59 10.71 
4 14.31 1.06 -0.01 4.28 11.84 
5 11.91 0.68 0.47 3.11 9.17 
6 10.77 -0.18 -0.50 4.63 9.66 
7 11.75 0.54 -1.43 4.47 30.10 
8 15-97 1.00 -1.11 2.49 11.00 
9 14.17 0.83 0.87 2.17 13.39 
10 10.09 2.36 0.19 1.78 11.04 
11 10.39 1.29 0.80 1.63 10.78 
12 14.32 0.35 -1.13 3.95 12.39 
13 14.04 2.27 -0.02 3.34 12.75 
14 13.15 -0.67 0.24 3.97 12.32 
15 11.51 0.06 -0.98 3.55 10.22 
Combined 13.31 0.90 -0.28 3.67 12.14 
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Table it?. Fiant weignr variance components ror lines, years-
lines, sites-lines, years-sites-lines and error 
from oO-line groups and the 1200-line oat popula­
tion 
Group Lines Years Sites Years - sites Error 
-lines -lines - lines 
1 47.72 9.85 -3.29 13.65 105.67 
2 33.08 12.74 8.87 10.21 102.18 
3 44.07 21.37 10.88 0.32 106.68 
4 30.13 16.89 2.26 16.56 115.08 
5 35.56 13.89 10.20 4.01 104.97 
6 26.33 15.66 0.91 11.50 105.13 
7 42.00 18.86 9.08 -1.75 113.33 
8 21.72 18.40 9.44 -1.51 113.93 
9 26.68 15.96 12.33 1.52 111.37 
10 30.96 16.21 6.98 10.25 109.16 
11 19.26 20.27 9.96 5.74 121.12 
12 38.72 9.87 7.88 10.14 115.89 
13 21.88 15.77 1.71 21.17 120.30 
14 27.06 5.01 10.04 11.25 110.15 
15 15.80 16.71 7.37 6.90 99.37 
Combined 30.73 15.17 6.99 8.15 109.70 
Table 16. Grain weight variance components for linesj years-
lines, sites-linesj years-sites-lines and error 
from 80-line groups and the 1200-line oat popula­
tion 
Group Lines Years Sites Years - sites arror 
-lines -lines - lines 
1 10.10 2.45 -0.54 3.50 21.22 
2 6.93 1.43 1.28 2.61 23.65 
3 7.03 3.98 2.68 0.74 22.04 
4 7.28 3.64 1.12 1.15 21 .94 
5 6.69 2.44 1.71 2.31 20.77 
6 5.94 2.39 -0.26 3.67 21.30 
7 8.65 2.90 1.23 1.23 20.93 
8 2.93 3.55 2.37 -0.46 23.19 
9 4.97 1.61 2.54 1.43 21.88 
10 4.92 2.85 1.31 4.01 21.47 
11 4.28 2.35 2.62 1.00 26.66 
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TaDie iô (ConLinued) 
Group Lines Years Sites Years - sites Error 
-lines -lines - lines 
12 7.89 2.32 3.03 2.53 22.36 
13 4.37 1.83 0.51 5.27 22.00 
14 4,93 0.79 1.06 4.28 23.44 
15 4.4l 1.97 0.96 1.33 21.86 
Combined 6.09 2.43 1.44 2.34 22.19 
Table 17. 100-seed weight variance components for lines, 
years-linesj sites-lines, years-sites-lines and 
error from 80-line groups and the 1200-line oat 
population 
Group Lines Years Sites Years - sites Error 
-lines -lines - lines 
1 0.0373 0.0006 0.0005 0.0050 0.0276 
2 0.0417 0.0013 0.0001 0.0050 0.0291 
3 0.0306 0.0007 0.0015 0.0079 0.0283 
4 0.04l6 0.0004 0.0029 0.0038 0.0321 
5 0.0459 -0.0020 0.0007 0.0096 0.0324 
6' 0.0336 0.0026 0.0008 0.0068 0.0245 
7 0.0559 0.0011 0.0001 0.0074 0.0280 
8 0.0393 -0.0006 -0.0012 0.0100 0.0288 
9 0.0548 0.0029 0.0033 0.0057 0.0316 
10 0.0523 0.0006 -0.0005 0.0086 0.0330 
11 0.0517 0.0040 0.0028 0.0045 0.0298 
12 0.0521 0.0007 0.0006 0.0074 0.0291 
13 0.0435 0.0023 0.0017 0.0072 0.0271 
14 0.0390 0.0003 0.0032 0.0098 0.0406 
15 0.0371 0.0035 0.0027 0.0070 0.0349 
Combined 0.0438 0.0003 0.0013 0.0071 0.0303 
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Table l8. Straw weight variance components for lines , years-
lines. sites-lines, years-sites-lines and error 
from 80 -line groups and the 1200-line oat popula-
tion 
Group Lines Years Sites Years - sites Error 
-lines -lines - lines 
1 16.71 2.42 -1.46 4.82 41,69 
2 12.99 6.33 3.54 3.66 47.02 
3 19.40 7.72 3.09 0.74 40.08 
4 12.10 5.22 -2.12 25.38 55.41 
5 14.44 5.58 3.88 0.47 41.69 
6 11.24 6.92 0.34 3.83 46.20 
7 15.74 7.46 4.59 -1.12 47.39 
8 12.88 6.15 3.44 0.64 45.10 
9 11.54 7.44 3.25 1.74 47.27 
10 14.45 7.15 3.03 1.06 46.05 
11 8.46 8.85 2.33 3.13 48.07 
12 14.99 4.24 1.11 3.50 52.17 
13 10.33 7.25 -0.22 8.21 55.87 
14 12.43 2.01 4.33 3.83 47.63 
15 7.05 7.44 2.57 3.04 40.21 
Combined 12.99 6.14 2.18 3.50 46.32 
Benefits from Blocking 
Effects on statistics 
When a large number of lines is tested in a single 
field experiment with conventional sized plots (i.e., for 
2 oats 5 m), the researcher will usually use an incomplete 
block design to aid in minimizing the experimental error 
of the trial. By keeping the environmental unit (i.e., 
soil area) small, such as with incomplete blocks versus 
whole replications, the variance due to localized 
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environmental effects can be eliminated from the error term, 
thereby increasing the precision of experiment and parameter 
estimation. This same reasoning may or may not be important 
when hill plots (i.e., for oats 0.1 m^) are used, because 
even with a large number of lines (herein 1200), the land 
area occupied by a complete replicate is relatively small 
(area for 1200 lines is 6.1 x 24.4 m): therefore, the 
environmental unit occupied by one replicate may be rather 
uniform. 
My experimental materials were especially suited to 
test the effects of blocking within replicates upon experi­
mental precision. The 1200 lines of my oat population were 
randomly assigned to fifteen 80-line groups. The groups of 
lines remained intact for the entire study, and in each 
replicate groups were assigned to blocks randomly. One 
method used to measure the value of blocking within repli­
cates was to conduct analyses of variance upon the data 
removing a block effect in one .case and ignoring it in the 
other. To calculate the increase in experimental efficiency 
due to blocking, I used the inverse ratio of the error terms 
(estimates of a randomized incomplete block design versus a 
block design) with appropriate weighting for differences 
in degrees of freedom (Snedecor, 1956). I found that 
blocking increased the efficiency (i.e., essentially decreased 
the error term) by 22, Y, Y, 9 and 8 percent for the traits 
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plant height, plant weight, grain weight, 100-seed weight 
and straw weight, respectively (Table 19). With one or 
two exceptions, such as seed weight in the 19^7 Sutherland 
test and plant height in the 196? Ames test, the increases 
in efficiency were remarkably uniform within each trait. 
Table 19. Percentage increase in experimental efficiency 
resulting from blocking within replicates for 
five plant traits at three sites and two years 
Site Plant traits 
Year Plant Plant Grain 100-Seed Straw 
height weight weight weight weight 
Ames 1967 38 5 5 10 8 
1968 16 7 11 5 5 
Sutherland 1967 6 9 7 17 9 
1968 30 5 4 7 9 
Cresco 1967 23 7 5 7 8 
1968 19 9 7 9 10 
Average 22 7 7 9 8 
Although these increases in efficiency are not great, they 
are probably of sufficient magnitude to warrant the use 
of blocking in hill plot experiments when large numbers of 
lines or treatments are being tested. 
In oat tests planted in conventional rod-row plots 
large increases in experimental efficiency are typically 
obtained from blocking, e.g., increases in efficiency of 
100 percent or more have been reported when the number of 
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lines is large (Yates, 1936). This usual increase in 
efficiency from within replicate "blocking in rod-row 
experiments is, in all probability, a function of the size 
of this type of plot, which in turn increases replicate size. 
For example, a test involving 1200 oat lines using rod-row 
plots would require approximately 40 times more land area 
P 2 \ (150 m versus 6OOO m per replicate) for one replicate 
than would the same number of lines tested in hill plots. 
Grouping the 1200 oat lines into fifteen 80-line 
groups and using intra block environmental variance terms 
resulted in slightly increased heritability percentages 
(Table 20). For example, mean per-plot heritabilities across 
Table 20. Mean variance-component heritability percentages 
for five plant traits calculated on a per-plot 
and per-experiment bases for the 1200-line popula­
tion, with and without removal of a block effect, 
across six environments 
Plant 
trait Per-plot Per-•experiment 
Plant height 49a 60^  70a 79^  
Plant weight 33 34 58 60 
Grain weight 34 35 60 62 
100-seed weight 63 63 83 83 
Straw weight 33 35 58 59 
^Mean heritabilities were calculated without removing a 
block effect from the 1200-line analysis. 
^Mean heritabilities were calculated with removal of a 
block effect from the 1200-line analysis. 
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all six experiments increasea rrom 4^ to 6u, 33 to 34, 34 to 
35 and 33 to 35 percent, and per-experlment heritabilities 
increased from TO to 79, 58 to 60, 60 to 62 and 58 to 59 
percent for plant height, plant weight, grain weight and 
straw weight, respectively when blocking was used. No 
change was found for either per-plot or per-experiment 
heritability percentages for 100-seed weight as a result of 
blocking. In general, comparisons within experiments 
(Tables 52-59) showed similar results, i.e., the means of 
heritability percentages for groups of 80 lines, were only 
slightly higher than the heritability percentages for the 
1200-line population. Plant height was the only trait for 
which the increase in mean heritability percentage due to 
blocking, was of sufficient magnitude to be of practical 
importance. 
Probably, the small increases found in heritability 
percentages were due to decreases in the environmental 
variances. C.V.'s decreased from 4.6 to 4.0, 15.4 to l4.6, 
16.7 to 16.3, 6.6 to 6.4 and 17.0 to 16.5 percent for plant 
height, plant weight, grain weight, 100-seed weight and 
straw weight, respectively as a result of blocking (Table 
21). Although a 0.2 percent reduction in the C.V. occurred 
for 100-seed weight, apparently it was too small to materially 
affect the heritability for 100-seed weight. 
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Table 21. Mean coefficient of variability values for five 
plant traits for the 1200-line population, with 
and without removal of a block effect, across 
six environments 
Plant Trait Without Block 
Effect Removal^ 
With Block 
Effect Removal 
Plant height 4.6 4.0 
Plant weight 15.4 14.6 
Grain weight 16.7 16.3 
100-seed weight 6 .6  6 .4  
Straw weight 17.0 16.5 
^ Mean coefficients of variability were calculated without 
removing a block effect from the 1200-line analysis. 
^Mean coefficients of variability were calculated with 
removal of a block effect from the 1200-line analysis. 
Effects on selection 
To determine the effect of blocking on predicted and 
actual genetic advances from selection, the following two 
selection procedures were used with a ten percent selection 
level : 
a) The best (e.g., shortest) eight lines from each 
of 15 groups were selected to give a total of 
120 lines from the population. This was done for 
each trait. This procedure is affected by block 
effects. 
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b) The best ten percent or the lines (i.e., I'du) I'or 
a plant attribute were selected from the total 1200 
lines. Block effects were not considered with this 
procedure. 
Predicted genetic advances, expressed as percentages of 
the population means, were similar across environments for 
selection with and without blocking when variance-componenl" 
heritability values were used (Table 22) for prediction. 
Mean predicted advances were 7.0, 14.2, l6.7, 13.7 and 15.9 
percent basing selection on 80-line groups and 7.3, 14.8, 
l6.8, 13.4 and 16.1 percent, basing selection on the 1200-
line population for plant height, plant weight, grain weight, 
100-seed weight and straw weight, respectively. Note that 
with four traits, namely, plant height, plant weight, grain 
weight and straw weight, the predicted genetic advances 
were slightly greater without blocking than with it. In 
general, the range in predicted genetic advances for a given 
plant trait across environments was quite variable within 
each selection procedure. The ranges among environments 
were 5.9, 10.3, 6.8, 4.3 and 13.2 units with grouping and 
2.6, 10.5, 6.2, 4.2 and 11.4 units without grouping for 
plant height, plant weight, grain weight, 100-seed weight, 
and straw weight, respectively. Extremely low genetic 
advances were predicted by environment 5 (1967 Sutherland) 
for plant height, plant weight and straw weight, probably as 
Table 22, Predicted genetic advances from selection with and without grouping of 
lines for five plant traits (expressed as a percentage of the population 
mean) when variance component herltablllty percentages were used 
Selection 
Environment 
Plant height Plant weight Grain weight 
With 
Grouping 
Without 
Grouping 
With 
Grouping 
Without 
Grouping 
With 
Grouping 
Without 
Grouping 
1 7.4 7.2 16.1 20.3 20.0 19.7 
2 9.4 8.9 12.4 14.6 15.8 15.1 
3 7.7 6.8 17.4 19.4 19.0 19.5 
4 7.1 6.6 17.6 10.3 13.2 13.3 
5 3.5 6.3 7.3 9.8 18.5 19.0 , 
6 6.7 8.1 14.2 14.6 13.6 13.9 
Average 7.0 7.3 14.2 14.8 16.7 16.8 
Table 22 (Continued) 
100-Seed weight Straw weight 
With Without With Without 
Grouping Grouping Grouping Grouping 
14.3 
14.3 
14.6 
11.1  
15.4 
12.4 
13.7 
14.5 
12.9  
14.7 
10.8 
15.0 
12.5 
13.4 
2 1 . 2  
12.8  
18.0 
18.4 
8.0 
16.9 
15.9 
21 .2  
16.5 
20.9 
10.8 
9.8 
17.2 
16.1 
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(Table 2). 
When standard unit heritability percentages were used 
to calculate the predicted genetic advances, selecting within 
groups (procedure a) predicted decidedly greater genetic 
gains than did selecting in the total population (procedure 
b) for four of the plant traits (Table 23). For example, 
across all experiments the mean genetic advances with the 
grouping procedure were greater by 1.5 percent for plant 
height, 3.6 percent for plant weight, 1.7 percent for seed 
weight and 4.7 percent for straw weight. Only for grain 
weight was there a slight advantage for procedure b. These 
are sizeable increases in predicted genetic advances and 
they suggest that grouping of lines and using a within 
replicate blocking system is advantageous and worthwhile 
for selection when a large number of lines is being tested. 
There was no particular tendency for any single environment 
to produce especially high or low predicted genetic advances 
for all traits, either with or without grouping. 
Also, I compared actual genetic advances obtained by 
selecting with and without blocking. This was done by 
selecting the best 10 percent of the lines in one experiment, 
as in procedures a and b, and then calculating the degree 
of superiority of the mean for these lines when tested in 
the other five environments, over the population mean for 
Table 23. Predicted selection advances from selection with and without grouping of 
lines for five plant traits (expressed as a percentage of the population 
'mean) when standard unit herltablllty percentages were used 
Selection Plant height Plant weight Grain weight 
Environment With 
Grouping 
Without 
Grouping 
With 
Grouping 
Without 
Grouping 
With 
Grouping 
Without 
Grouping 
1 7.0 5.3 19.5 14.9 13.0 12.8 
2 8.0 6.7 16.9 12.7 11.5 10.3 
3 6.0 4.9 18.5 14.8 13.8 13.6 
4 5.7 4.6 11.5 9.1 10.5 10.3 
5 6.3 3.6 12.2 8.0 12.2 14.7 
6 6.3 5.5 12.2 9.3 9.3 9.4 
Average 6.6 5.1 15.1 11.5 11.7 11.9 
Table 23 (Continued) 
100-Seed weight Straw weight 
With Without With Without 
Grouping Grouping Grouping Grouping 
16.0 13.4 22.8 17.9 
13.1 11.1 20.9 15.1 
14.0 13.0 21.7 16.9 
12.4 10.0 12.7 8.4 
11.9 11.6 11.5 7.3 
11.7 10.0 14.0 9.7 
13.2 11.5 17.3 12.6 
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very similar with and without grouping (Table 24). For 
example, with and without grouping the actual mean genetic 
advances were 5.5 and 5.2 percent, respectively, for plant 
height, 10.1 and 9.8 percent, respectively, for plant 
weight, etc. For four traits there were slight advantages 
(i.e., from 0.0 to 0.4 percent of the population means) with 
grouping. Environment 5 (i.e., 1967 Sutherland) produced 
consistently low actual genetic gains for all traits except 
plant height. 
Based upon predicted genetic advances from selection, 
dividing the 1200-line population into 15 groups of 80 
lines, appeared to be decidedly advantageous when standard 
unit heritabilities were used in the predictions, but 
grouping lines provided no advantage when variance-component 
heritabilities were used. Of course, the practical test of 
the success of grouping upon genetic advance should be 
measured in terms of actual gains. Herein, the advantage of 
grouping the lines was very small for four attributes and 
none for the fifth. Therefore, if actual genetic advance 
was the only criterion in the decision to group or not group 
lines, there would be no advantage in doing so for a study 
conducted as mine was. 
However in total, there would appear to be sufficient 
reason to divide a large number of oat, and perhaps other 
Table 24. Mean actual selection advance for five plant traits expressed as a 
percentage of the population mean for selection with and without 
grouping 
Selection Plant helftht Plant weight Grain weight 
Environment With 
Grouping 
Without 
Grouping 
With 
Grouping 
Without 
Grouping 
With 
Grouping 
Without 
Grouping 
1 5.6 4.8 10.1 11.0 10.0 10.2 
2 5.3 5.1 14.2 10.5 11.2 9.3 
3 5.0 5.2 10.9 10.7 11.5 10.4 
4 5.7 5.0 9.7 10.6 9.8 11.3 
5 5.4 5.5 5.8 5.4 7.5 7.9 
6 • 5.7 5.4 9.7 10.8 11.4 9.5 
Average 5.5 5.2 10.1 9.8 10.2 9.8 
Table 24 (Continued) 
100-Seed weight Straw weight 
With 
Grouping 
Without 
Grouping 
With 
Grouping 
Without 
Grouping 
10.0 10.1 11.4 12.2 
10.7 10.4 13.2 12.5 
10.3 9.6 11.4 12.0 
9.4 9.9 11.7 11.4 
5.4 5.3 6.7 6.3 
10.6 10.6 12,4 12.4 
9.4 9.3 11.1 11.1 
Ui 00 
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small grain, lines, destined for testing in a single hill-
plot experiment, into groups. It makes for ease of handling 
randomizations and planting, the experimental error is 
generally reduced and heritability percentages and actual 
genetic advances tend to be Increased slightly. 
Efficiency of Different Environments for Selection 
An objective of my study was to determine whether any 
one of the test environments provided a greater efficiency 
for selecting for a particular oat plant trait than another, 
and which environment, if any, was best for selecting several 
traits simultaneously. The first problem entailed establish­
ing a criterion or several criteria for judging the efficiency 
of an environment for selection, and then applying this 
criterion to several traits in several environments to see 
whether differences existed among the environments. 
One suitable criterion for measuring selection 
efficiency of different environments was actual genetic 
advance obtained by selecting in each environment. This 
criterion would be less useful in a routine breeding program 
because it requires the testing of many useless lines to 
determine what genetic advance had actually been made. 
Probably more easily obtainable statistics, such as 
heritability, phenotypic correlation and genetic coefficient 
of variation (C.V. = '^a^/x) could serve equally well. 
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Since herltability measures repeatability or performance 
from one generation to another, a high herltability percentage 
for an environment should indicate high selection efficiency 
of that environment. A high C.V. should indicate the 
O 
capacity of an environment to adequately differentiate 
between genotypes, and thus increase the efficiency of 
selection. Phenotypic correlation between measurements of a 
trait in the selection environment and means of the same trait 
over several other environments should also indicate the 
selection efficiency of an environment, i.e., the higher the 
relationship between the selection environment and the 
others, the more efficient the environment should be for 
selection. 
To measure the efficiency of the six environments in 
my study for selection, I used the following four statistics: 
a) Actual genetic advance (expressed as a percentage 
of the population mean) for each plant trait was 
obtained by selecting the best 120 oat lines in an 
environment and testing the superiority of the 
mean of these lines over the general population mean 
across the other five environments. 
b) A variance-component herltability, on a per-plot 
basis, was calculated for each trait in each 
environment. 
c) A genetic coefficient of variability was calculated-
for each trait in each environment. 
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û; Tfxe pneno'cypic correlation was calculated for a 
plant trait measured in one environment with a 
mean expression of the same trait measured in five 
other environments. 
In all cases the statistics for my comparisons of environmental 
efficiencies for selection were based on treatment of data 
from the 1200-line population. In other words, grouping of 
lines and blocking within the experiment was disregarded 
for these comparisons. 
The experiments at the three sites in each of two years 
were equated to six random environments. Treatment of the 
six tests as random environments seemed justified because: 
a) the second order genotype-environment interaction variances 
(years-sites-lines) for most traits (Tables 18-24) were as 
large or larger than either of the first order interactions 
(years-lines and sites-lines), indicating a specific year-
site combination better characterized an environment than did 
either years or sites alone, b) my materials were F^-
derived oat lines and therefore, each line should have been 
essentially genetically homozygous and homogeneous, with 
the result'that a line sown in the six experiments was 
represented by six samples from a pure line. 
Based on actual genetic advances (statistic a), the 
most efficient environment for selection appeared to 
depend upon the plant trait for which selection was practiced. 
For example, there were only slight differences among 
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but differences greater than 100 percent of the low value 
were found for plant weight (Table 25). Genetic advances 
for plant height were all either 5 or 6 percent, but for 
plant weight they ranged from 6 percent in environment 5 to 
l4 percent in environment 2. For grain weight the actual 
genetic advances ranged from 8 percent in environment 5 to 12 
percent in environment 3; for 100-seed weight they ranged from 
5 percent in environment 5 to 11 percent in environment 2; 
and for straw weight they ranged from 7 percent in environ­
ment 5 to 12 percent in environment 6. If plant height is 
eliminated from the comparison, in general, environments 1 
(Ames 1967) and 3 (Cresco I967) were about average, environ­
ments 2 (Sutherland I968) and 6 (Cresco I968) were good, and 
environments 5 (Sutherland I968) and 4 (Ames 1968) were poor 
for making actual genetic advances from selection. 
There were sizeable ranges of heritability percentages 
among the various environments for all traits. For plant 
height, plant weight and 100-seed weight the ranges of 
heritability percentages were as large or larger than the 
lowest values, i.e., equal to 100 percent, and for grain 
weight and 100-seed weight, the ranges were half as large as 
the lowest values. "When all traits were considered, the 
heritability percentages showed that environment 3 (Cresco 
1968) was best, i.e., tended to have the highest mean 
Table 25. Ranking of six test environments from high to low and the basis of 
actual genetic advances (expressed as percent of population mean) from 
selecting the best ten percent of oat lines for each of five plant 
traits 
Rank Plant Trait 
Plant height Plant weight Grain weight" 
Environ-Genetic Environ- Genetic Environ- Genetic 
ment advance ment advance ment advance 
1 6 6 2 14 3 12 
2 4 6 3 11 6 11 
3 1 6 1 10 2 11 
4 5 5 6 10 1 10 
5 2 5 4 10 4 10 
6 3 5 5 6 5 8 
Table 25 (Continued) 
Plant Trait 
l0'6-"aeed weight Straw weight 
Environ- Genetic Environ- Genetic 
ment advance ment advance 
2 11 6 12 
6 11 2 12 
3 10 4 12 
1 10 3 11 
4 9 1 11 
5 5 5 7 
o\ 
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heritability, environments 1 (Ames 1957], 2 (Sutherland 
1967) and 6 (Cresco 1968) were medium, and environments 4 
(Ames 1968) and 5 (Sutherland 1968) were poorest (Table 26). 
The magnitudes of the C.V.^'s and their ranges were 
quite similar for all traits except plant height, i.e., from 
8 to l4 percent (Table 27). C.V.g's for plant height ranged 
from 3 to 6 percent. When the C.V.g's for all traits were 
summarized, environment 1 (Ames 1968) was clearly the best 
for getting maximum expression of genotypic variance, 
i.e., differentiation among genotypes, environments 2 
(Sutherland 1967) and 3 (Cresco I967) were mediocre and 
environments 4 (Ames 1968), 5 (Sutherland 1968) and 6 
(Cresco I968) were poorest. 
The ranges and general magnitudes of phenotypic correla­
tions among the various environments varied according to 
traits. In general, however, the correlations are all 
sufficiently high to predict quite satisfactory selection 
advance for any environment except number 5 (Sutherland 
1968). On the basis of the phenotypic correlations, environ­
ments 1 (Ames 1967)3 2 (Sutherland I967), 3 (Cresco I967) 
and 6 (Cresco I968) were, quite good as selection environments 
and environments 4 (Ames 1968) and 5 (Sutherland I968) were 
consistently poor (Table 28). 
Obviously, the criterion, actual genetic advance from 
selection, ranked the efficiency of the environments for 
Table 26. Ranking of six test environments from high to low on the basis of per-
plot, variance-component herltablllty percentages for each of five plant 
traits 
Rank Plant Trait 
Plant height Plant welghF 
Environment Herltablllty Environment Herltablllty 
1 2 62 3 44 
2 3 58 1 44 
3 1 55 6 35 
4 4 45 2 32 
5 6 42 4 22 
6 5 32 5 20 
Table 26 (Continued) 
Plant trait 
Grain weight lou-aeed weight ijtraw weight 
Environment Herltablllty Environment Heritablllty Environment Heritabllity 
3 4l 3 71 3 44 
1 37 2 71 1 42 
6 34 5 70 6 35 
5 34 6 57 2 34 
2 32 1 56 4 22 
4 26 4 52 5 20 
Table 27. Ranking of six test environments from high to low on the basis of 
genetic coefficients of variability for each of five plant traits 
Rank Plant trait 
Plant height 
Environ- G.V. 
ment ® 
Plant weight 
Environ- C.V. 
ment ® 
Grain weight 
Environ- C.V. 
ment ® 
100-Seed 
Environ­
ment 
weight 
• 
Straw 
Environ 
ment 
weight 
-
1 2 6 1 14 1 14 1 9 1 14 
2 6 5 3 13 5 14 5 9 3 14 
3 3 5 2 11 3 13 3 9 6 12 
4 1 5 6 10 2 11 2 8 2 12 
5 4 4 4 9 4 10 6 8 4 9 
6 5 3 5 9 6 10 4 8 5 9 
Table 28.  Ranking of six test environments from high to low on the basis of 
phenotyplc correlations of a plant trait measured in one environment 
with a mean expression of the same, trait measured In the five other 
environments for each of five plant traits 
Rank Plant Traits 
Plant height Plant weight Grain weight 100-Seed weight Straw welghT 
Environ- r . 
ment Ph 
Environ­
ment ""ph 
Environ­
ment ""ph 
Environ­
ment ^ph 
Environ­
ment ^ph 
1 6 0.75 1 0.64 3 0.59 3 0.86 1 0.65 
2 4 0.74 3 0.62 2 0.54 2 0.80 3 0.64 
3 2 0.73 2 0.60 1 0.53 1 0.80 2 0.63 
4 3 0.72 6 0.57 6 0.53 6 0.79 6 0.59 
5 1 0.64 4 0.51 4 0.53 4 0.78 4 0,50 
6 5 0.63 5 0.37 5 0.46 5 0.72 5 0.32 
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selection differently than did either heritability percen­
tages, C.V.g's or phenotypic correlations. In a sense, 
an environment must provide maximum magnitude for all of 
the latter three attributes if it is optimuia for selection 
purposes. The actual genetic advance probably, is dependent 
on all three statistics, heritability percentage, genotypic 
variance and correlation, and therefore may well represent 
the best criterion of the four. However, all methods 
consistently ranked environments 4 (Ames 1968) and 5 (Suther­
land 1968) lower in selection efficiency than the other four 
environments for all traits with the exception of grain 
weight using C.V.^ and straw weight using actual genetic 
advance. Damage by sand blasting and freezing at the two-
leaf stage in environment 4 (Ames 1968) and severe drought 
conditions during the latter two-thirds of the growing season 
in environment 5 (Sutherland I968) resulted in stress condi­
tions which probably caused these two environments to be 
poor for selection. 
Previous researchers (Frey, 1964; Johnson and Fr-ey, 
1967; and Vela, I968) have shown that conditions of increased 
environmental stress do not allow full genotypic expression 
among lines and as a result low estimates of genotypic 
variance and heritability values, as well as, poor progress 
from selection are obtained. Since a fairly broad spectrum 
of testing environments was indicated by the wide ranges in 
population means from my study, I determined whether similar 
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ranged from 68 cm (Sutherland 1968) to 105 cm (Cresco 1967) 
for plant height, from 50 g (Sutherland I968) to 86 g (Ames 
1968) for plant weight, from 19 g (Sutherland I968) to 34 g 
(Ames 1968) for grain weight from 2.44 (Ames I967) to 
2.92 g (Sutherland 1968) for 100-seed weight and from 30 g 
(Sutherland I968) to 52 g (Ames I968) for straw weight 
(Table 29). I considered the environment with the lowest 
mean for a trait as the one with the most stress, and the 
environment with the high mean as the one with least stress. 
In general, rather good positive relationships existed 
between population means for the six environments and the 
heritability percentages for plant height and weight per 
100 seeds, but no relationship was apparent for plant, grain 
and straw weights. For plant height, the least stress 
environments (by my definition) were environments 1, 2 and 33 
and these had the highest heritability percentages; likewise, 
for 100-seed weight, the least stress environments were 2, 
3 and 5, and these had heritability percentages of 70 or Jl. 
Contrariwise, for plant weight, environments 4 (86 g) and 5 
(50 g) had the extreme means and they had circa equally low 
heritability percentages of 22 and 20, respectively. A 
similar discussion is appropriate for the relationship between 
degree of stress of environments and their C.V.^'s (Tables 
27 and 29). Here the positive relationship is apparent only 
for plant height. For plant, grain and straw weights. 
I 
Table 29^ Ranking of the six test environments from high to low on the basis of 
the population means for five plant traits 
Plant trait 
Plant height ' Plant weight Grain weight 100-seed weightStraw weight 
Environment x Environment x Environment x Environment x Environment x 
3 105 4 86 4 34 5 2.92 4 52 
1 96 1 84 1 33 2 2.87 1 51 
2 93 2 72 2 31 3 2.86 2 41 
6 92 3 65 3 29 6 2.73 3 36 
4 87 6 56 6 25 4 2.58 6 31 
5 68 5 50 5 19 1 2.44 5 30 
73 
environments 4 and 5 have the highest and lowest means, 
respectively, but both give equal and the lowest C.V.g's. 
In general, my results do not support the idea that the 
least stress environments give the highest heritability 
percentages and/or the largest C.V.g's. The greatest stress 
environment (number 5) for plant height, plant weight and 
straw weight did, however, have the lowest heritability and 
lowest C.V.g, but the greatest stress environments for 
grain weight (number 5) and 100-seed weight (number l) 
had relatively high heritabilities and C.V.g's. 
From a practical viewpoint a breeder would want to 
select all traits on the basis of data from one set of 
plots, i.e., one experiment, so I developed a selection 
efficiency index which included all traits for each 
environment. Since all four statistics, i.e., actual 
genetic advance, heritability percentage, C/V.g and 
phenotypic correlation, were expressed in abstract units, 
averaging the values for each statistic across the five 
traits within an environment gave a mean efficiency or an 
efficiency index for that environment. 
Efficiency index values ranked from high to low for 
actual genetic advance were 11, 10, 10, 9j 9 and 6 for 
environments 2, 6, 3j Ij 4 and 5, respectively, for 
heritability percentage 52, 47, 46, 4l, 35, and 33 for 
environments 3, Ij 2, 6, 5 and 4, respectively, for C.V.^ 
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11, llj 10, 9, 9 and 8 for environments 1, 3, 2_, 6, 5 and 
4, respectively, and for phenotypic correlation 0.68, 0.66, 
0.65, 0.65, 0.61 and 0.50 for environment 3, 2, 6, 1, 4 and 
5, respectively (Table 30). Based on these rankings and 
their respective values, it appears there was little 
difference in selection efficiency among environments 1, 2, 
3 and 6 when all plant traits were considered. Environments 
4 (Ames 1968) and 5 (Sutherland I968) had similar but lower 
selection efficiencies than the other four environments. 
Since a particular environment (year-site combination) 
would be impossible to duplicate, a more practical approach 
is to examine the three testing sites since soil factors which 
differentiate them would have continuity from year to year. 
All four selection efficiency criteria indicated the three 
sites were about equally efficient for selecting all 
traits (Table 33). For example, actual genetic advance 
values were 6, 10, 10, 10 and 12 percent at Ames, 5, 10, 
9, 8 and 9 percent at Sutherland and 5, 10, 11, 10 and 12 
percent at Cresco for plant height, plant weight, grain weight, 
100-seed weight and straw weight, respectively (Table 30). 
Note the slightly reduced genetic advances obtained at 
Sutherland, probably due to the poor growing conditions at 
that site in I968 (environment 5). Each of the other criteria 
also showed the efficiency of all sites to be similar 
(Tables 31-33). 
Table 30. Ranking of six test environments from high to low on the basis of an 
efficiency Indices derived from four efficiency determination procedures 
Rank Procedure 
~ Genetic advance Herltablllty Genetic C.V. Correlation 
Environment Index Environment Index Environment Index Environment Index 
value value value value 
1 2  1 1  
2 6 10 
3 3 10 
4 1 9 
5 4 9 
6 5 6 
3 52 1 
1 47 3 
2 46 2 
6 41 6 
5 35 5 
4 33 4 
11 3 0.68 
11 2 0.66 
10 1 0.65 
9 6 0.65 
9 4 0.61 
8 5 0.50 
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Table . Mean actual generic advances (as percent or popula­
tion mean) from selection for five plant traits 
at three testing sites 
Site Plant trait 
Plant Plant Grain 100-seed Straw 
height weight weight weight weight 
Ames 6 10 10 10 12 
Cresco 5 10 11 10 12 
Sutherland 5 10 9 8 9 
Table 32. Mean variance-component heritability percentages 
(on a per-plot basis) for five plant traits at 
three testing sites 
Site Plant trait 
Plant Plant Grain 100-seed Straw 
height weight weight weight weight 
Ames 48 33 32 54 33 
Cresco 50 38 38 64 40 
Sutherland 47 26 33 71 27 
Table 33- Mean genetic coefficients of variability for five 
plant traits at three testing sites 
Site Plant trait 
Plant Plant Grain 100-seed Straw 
height weight weight weight weight 
Ames 5 11 12 8 12 
Cresco 5 12 12 8 13 
Sutherland 5 10 12 9 10 
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measured in one environment with a mean expression 
of the same trait measured in five other environ­
ments) for five plant traits at three testing sites 
Site Plant trait 
Plant Plant Grain 100-seed Straw 
height weight weight weight weight 
Ames 0.69 0.58 0.53 0.80 0.58 
Cresco 0.74 0.60 0.56 0.83 0.61 
Sutherland 0.68 0.49 0.50 0.76 0.50 
Partitioning Population Variance 
My data provided excellent materials to examine variance 
per se and its sources in a large (1200 lines) population of 
oat lines. Year, site, genotypic, and genotype-environment 
interaction variances were obtained from a combined analysis 
over two years and three sites for each of the five plant 
traits, plant height, plant weight, grain weight, 100-seed 
weight and straw weight. As expected, in general, very 
large portions of the total variance were due to the major 
environmental factors associated with growing experiments in 
different years and sites, i.e., years, sites and year-site 
interaction (Table 35). A number of the mean squares 
attributable to years and sites were not significant due, 
in all probability, to the small number of degrees of 
freedom available for an P-test (l and 2 degrees of freedom 
for years and sites, respectively). An exception to my 
Table 35. Mean squares from combined analyses of variance over two years and three 
sites for five plant traits 
Source of variation 
D.P. 
(for plant height) 
Plant 
height (f 
D.F. Plant 
or all other traits) weight 
Years 1 847474.3*& 1 497938.2 
Sites 2 423225.3 2 1401840.0 
Yeara-sltes 2 93802.8*** 2 266017.9* 
Repllcatlons/years/sltes^ 6 4195.4 12 8003.7 
Groups 14 359.1 14 1130.2* 
Years-groups 14 465.3 14 524.1 
Sites-groups 28 469.3 28 718.6 
Years-sites-groups 28 482.2 28 615.3 
Replications-groups® 84 313.7 168 666.7 
Lines 1185 181.7*** 1185 865.7*** 
Years-lines 1185 24.8*** 1185 270.7** 
Sites-lines 2370 18.3 2370 176. 1^ 
Years-sites-lines 2370 19.5*** 2370 134.2*1* 
Error^ 7110 12.1 14220 109.7 
Total 14399 21599 
*** denote that P-ratlos exceed 10, 5 and 0.5 percent levels of 
probability, respectively. 
bError used for testing years, sites and year-site Interaction variances. 
OError used for testing groups, year-groups, site-groups and year-site-groups 
Interaction variances. 
QError used for testing lines, year-lines site-lines and year-site-lines 
Interaction variances. 
Table 35 (Continued) 
Grain 100-seed Straw 
weight ' weight weight 
133916.1 1.7952 115398.1 
137675.5 282.2097* 685810.5* 
69661.3** 33.0454*** 64020.7*** 
1238.2 1.2995 4395.5 
186.4 1.1374*** 733.2* 
96.0 0.1949 269.9 
116.5 0.3528 430.6 
131.1 0.3855 351.2 
137.6 0.2111 318.4 
169.3*** 0.8593*** 359.0*** 
51.1*** 0.0630*** 112.1*** 
37.9*** 0.0594*** 69.9*** 
29.2*** 0.0516*** 56,8*** 
22.2 0.0303 46.3 
vo 
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generalization was the small variance due to years ror 
100-seed weight (i.e., a mean square of 1.7952 for years 
versus a mean square of 282.2097 for sites). 
Mean squares among groups of lines were significant for 
plant weight, 100-seed weight and straw weight at the 10, 
0.5 and 10 percent levels, respectively, but the year-group, 
site-group and year-site-group interaction variances were 
not significant for any of the five plant traits. The rela­
tively small variabilities found for group and group-
environment interactions were as expected, because each group 
was a random set of lines from the total population. Geno-
typic (line) and genotype-environment interaction (year-line, 
site-line and year-site-line) mean squares were highly 
significant for all plant traits. F-values for these 
categories of mean squares did not need to be very large to 
be significant because of the extremely large numbers of 
degrees of freedom envolved for each of them (i.e., II85 for 
lines and year-line interactions and 2370 for site-line and 
year-site-line interactions). 
Greater insight into the magnitude of variability-
contributed by each source can be gained from the variance 
components. The site component was largest for all traits 
except grain yield for which the year-site interaction 
component was largest (Table 36). Of second importance in 
contributing variability was the year component for plant 
height, the site component for grain yield and the year-site 
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Table 36. Variance components from combined analyses of 
variance over years and locations 
Source Plant Traits 
Plant Plant 
height weight 
Grain 
weight 
100-Seed 
weight 
Straw 
weight 
Years 4713.9 1717.9 476.0 -0.2314 380.6 
Sites 5490.4 12620.3 755.7 2.7684 6980.8 
Years-sites 2966.9 5733.7 1520.5 0.7054 1325.0 
Lines 13.2 30.7 6.1 0.0438 13.0 
Years-lines 0.9 15.2 2.4 0.0012 6.1 
Site s-lines -0.3 7.0 1.4 0.0013 2.2 
Years-sites-lines 3.7 8.2 2.3 0.0071 3.5 
interaction component for plant weight, 100-seed weight and 
straw weight. Genotypic (lines) variance components were 
13.2J 30.7, 6.13 0.0438 and 13.0 for plant height, plant 
weight, grain weight, 100-seed weight and straw weight, 
respectively. Within each trait comparison, the genotypic 
component was greater than any genotype-environment (year-
line, site-line and year-site-line) interaction component, 
e.g., for grain weight, the genotypic variance was about 
2.5 times greater than the largest genotype-environment 
(year-line) interaction component (6.1 versus 2.4, respec­
tively), and for 100-seed weight, the genotypic variance was 
six times greater than the largest genotype-environment 
(year-site-line) interaction component (0.0438 versus O.OO7I, 
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respectively ;. 
For each of the traits, plant, grain or straw weight, 
the sum of the genotype-environment Interaction variance 
components was approximately equal to the genotypic compon­
ent. The respective values were 30.3 and 30.7 for plant 
weight, 6.2 and 6.1 for grain weight and 11.8 and 13.0 for 
straw weight. The plant height and 100-seed weight genotypic 
variance components were circa three and four times greater, 
respectively, than the corresponding sums of the genotype-
environment interaction components. The sum of genotype-
environment and the genotypic values were, respectively, 
4.3 and 13.2 for plant height and 0.0106 and 0.0438 for 
100-seed weight. 
In my study, as well as those of Johnson (1965) and 
Vela (1968), the genotypic (lines) variance components were 
as great as, or greater, in magnitude than the genotype-
environment (year-line, site-line and year-site-line) 
interaction components. Contrariwise, Horner and Frey (1957) 
found that genotype-environment interactions were considerably 
larger than the genotypic variance. However, the oat 
populations used for the studies by Johnson (1965), Vela 
(1968) and myse.'.f consisted of relatively unselected 
lines, whereas Horner and Prey (1957) used highly elite 
oat lines. The differences in the types of lines being 
tested may account for the contrasting results. To test this 
idea, I conducted an additional combined analysis of variance 
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using only the "cwo percent of the lines from my population 
that were highest in yield. The two sets of mean squares 
are presented in Table 37 and the variance components are 
presented in Table 38. As noted earlier, for the total 
1200 lines the sum of genotype-environment variances and the 
genotypic variance were 6.2 and 6.1, respectively. In 
contrast, the genotypic variance for the selected sample was 
-7.3 and sum of the interaction variances was l4,l. If 
the negative variance components were equated to zero, an 
assumption which may be valid, the genotypic variance 
component would be zero and the genotype-environment inter­
action component would be 27.0. Therefore, it appears that 
for a highly selected population of oat lines, the genotypic 
variance among lines becomes relatively small as expected, 
but the variance caused by the lines interacting with speci­
fic environments does not decrease. This relationship could, 
however, be affected by the stability reactions of exact 
lines being tested (Eberhart and Russell, I966), e.g., an 
elite group of highly stable lines would tend to produce 
little genotype-environment interaction. For a plant breeder 
working vrith oat lines having differing degrees of stability 
reaction, it might suffice to conduct preliminary tests in 
one environment, but ultimately he would need to sub-divide 
his "theater of operation" into several areas to reduce the 
importance of site-line interaction. This was suggested by 
Horner and Frey (1957). 
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Table 37» Mean squares from a combined analyses of variances 
over two years and three locations for grain weight 
for the total population and highest yielding two 
percent of the population 
Source of variation D.F. Total popula- D.F. Top two 
tion percent 
Years 1 135259.4 1 6705,6 
Sites 2 139305.5 2 5143.0 
Years-sites 2 71497.2 2 4776.5 
Replication/years/si tes 12 1238.2 12 310.0 
Lines 1199 169.3***^  23 18.9 
Lines-years 1199 51.1*** 23 65.2 
Lines-sites 3597 37.9*** 46 58.5 
Lines-years-sites 3597 29.2*** 46 107.1 
Error 11990 23.8 277 26.2 
21599 432 
*** denote that F-ratios exceed 10, 5 and 0.5 
percent levels of probability, respectively. 
Table 38. Genotype and genotypic-environmental Interaction 
variance components from the analyses of variance 
of grain weights from the total population and 
the highest yielding two percent of lines 
Source of Number of lines 
variation Total population Top two percent 
Lines 6.0 -7.3 
Years-lines 2.4 -4.8 
Sites-lines 1.4 -8.1 
Years-sites-lines 1.8 27.0 
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As an additional measure of the influences of genotype-
environment interactions on selection practiced in only one 
environment, I observed the percentage of the lines that 
would need to be saved in each environment to insure 
retaining a given percentage of the best lines, where 
selection was based on the means for all six environments. 
From the 1200-line population, I chose the ten percent 
(120 lines) of the lines that were highest in yield. To 
insure retaining all 120 of these lines, it was necessary 
to save 67, 58 and 78 percent of the total population in 1967 
and 66, 87 and 60 percent in 1968 at the Ames, Sutherland 
and Cresco sites, respectively. If one was willing to miss 
five percent of the elite lines, i.e., to be assured of 
saving 95 percent in a given experiment, undoubtedly the 
proportion of the total that need be saved would be reduced 
considerably. A further illustration and perhaps even more 
astounding, was the fact that to be certain of retaining the 
best yielding line (defined according to the mean of six 
experiments), I needed to save only 2.9, 8.2 and 0.25 percent 
in 1967 and 2.3, 0.25 and O.5 percent in I968, of the total 
population at the Ames, Sutherland and Cresco sites, respec­
tively. The best line ranked 35th, 99th and 3rd in 1967 and 
28th, 3rd, and 6th in 1968 in the 1200-line population 
tested at the three sites, respectively. So, selecting less 
than ten percent of the lines would have provided absolute 
assurance that the highest yielding line was retained, even 
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in the most stress environment. 
When the 1200 oat lines in the total population were 
divided into fifteen 80-line groups, and each group in each 
experiment was analyzed separately, it provided 90 estimates 
of the genotypic variance component for each trait. These 
were suitable for studying factors responsible for causing 
variability in their magnitudes. The genotypic variance 
estimates from groups varied considerably. Genotypic 
variances of groups In one environment for plant height, 
for example, ranged from 5-0 to 30.4 for group 1, 5-7 to 
32.2 for group 3 and 6.0 to 28.3 for group 15 (Table 39). 
Likewise, ranges in genotypic variances among groups within 
environments were large for plant weight, grain weight, 
100-seed weight and straw weight (Tables 40-43). 
To determine whether year or site was responsible for 
the variations in genotypic variance component estimates, 
I computed an analysis of variance for each trait on the 
logarithmic transformed data (Steel and Torrle, 1960) of 
the variance components. The mean squares for years were 
significant for plant, grain and straw weights, but none of 
the mean squares for sites reached the significance level 
(Table 44). The site-year interactions were significant for 
all traits. Variance components also showed the year effect 
was much larger than the site effect in causing variation 
in genotypic variance components (Table 45). 
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Table 39. Genotyplc variance components rrom analyses or 
individual groups in each environment and from 
individual group analyses combined over six 
environments for plant height 
Environment Group 1 Group 2 Group 3 Group 4 Group 5 
1 21.9 25.5 33.4 17.8 l6.0 
2 30.4 31.9 32.2 36.5 30.3 
3 22.2 25.5 23.6 26.8 20.2 
4 9.3 11.6 15.8 14.0 10.7 
5 5.0 6.6 5.7 8.6 5.6 
6 20.0 19.2 20.0 15.0 13.6 
Combined 14,0 14.8 16.3 14.3 11.9 
Group 6 Group 7 Group 8 Group 9 Group 10 
1 19.7 19.3 24.7 26.5 17.1 
2 23.7 21.5 33.4 19.7 24.8 
3 15.8 16.8 17.3 27.0 16.0 
4 7.9 7.3 15.4 12.3 6.7 
5 3.6 5.8 8.1 10.1 6.8 
6 16.0 15-6 12.3 15.5 12.8 
Combined 10.8 11.8 16.0 14.2 10.1 
Group 11 Group 12 Group 13 Group l4 Group 15 
1 15.2 20.2 26.3 19.2 14.7 
2 21.5 27.4 32.7 27.3 28.3 
3 23.7 24.9 25.2 15.6 18.1 
4 4.7 9.4 10.0 19.2 8.0 
5 4.6 6.2 9.1 12.1 6.0 
6 14.5 15.2 15.0 9.6 17.0 
Combined 10.5 14.3 14.0 13.1 11.5 
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Table 40. Genotypic variance components from analyses of 
individual groups in each environment from 
individual group analyses combined over six 
environments for plant weight 
Environment Group 1 Group 2 Group 3 Group 4 Group 5 
1 103.2 150.7 153.3 153.6 151.8 
2 69.0 48.8 69.8 60.9 60.4 
3 119.8 64.8 98.0 74.9 75.3 
4 52.2 55.4 71.3 53.3 51.3 
5 15.5 26.6 24.9 11.1 7.6 
6 47.9 43.0 42.5 41.2 35.4 
Combined 47.7 33.1 44.1 30.1 35.6 
Group 6 Group 7 Group 8 Group 9 Group 10 
1 109.5 120.9 130.8 126.0 130.1 
2 70.5 56.6 43.0 29.7 64.2 
3 70.4 94.2 54.0 91.3 74.7 
4 49.6 75.3 33.0 45.1 70.6 
5 7.7 28.6 6.3 30.4 11.3 
6 18.6 33.5 21.0 16.4 35.5 
Combined 26.3 42.0 21.7 26.7 31.0 
Group 11 Group 12 Group 13 Group l4 Group 15 
1 121.1 157.2 112.2 95.5 123.1 
2 45.2 71.9 72.9 61.8 47.1 
3 57.4 50.3 78.7 33.5 44.7 
4 62.4 67.3 12.7 72.1 37.2 
5 14.6 17.0 33.6 23.8 11.4 
6 30.7 35.8 52.6 33.4 17.3 
Combined 19.3 38.7 21.9 27.1 15.8 
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Table 4l. Genotypic variance components from analyses of 
individual groups in each environment and from 
individual group analyses combined over six 
environments for grain weight 
Environment Group 1 Group 2 Group 3 Group 4 Group 5 
1 22.5 22.2 26.1 20.3 26.3 
2 13.4 8.9 11.0 13.1 12.8 
3 25.0 12.9 21.6 l6.6 17.2 
4 16.7 10.7 14.2 15.0 10,7 
5 6.3 9.5 8.5 7.0 4.6 
6 9.3 9.4 5.0 7.1 7.2 
ned 10.1 6.9 7.0 7.3 6.7 
Group 6 Group 7 Group 8 Group 9 Group 10 
1 18.5 20.4 16.1 16.1 24.6 
2 15.1 12.2 10.8 6.8 23.2 
3 15.5 18.8 11.7 16.5 15.8 
4 12.3 14.4 3.7 11.4 17.4 
5 5.6 9.3 4.9 9.0 6.2 
6 3.3 6.2 3.1 3.5 8.5 
ned 5.9 8.6 2.9 5.0 4.9 
Group 11 Group 12 Group 13 Group l4 Group 15 
1 22.3 33.3 18.0 20.9 15.8 
2 8.0 16.8 15.6 9.8 9.5 
3 6.8 9.9 18.0 8.1 10.1 
4 11.3 17.8 6.0 14.4 7.5 
5 6.0 7.8 6.0 7.1 6.2 
6 7.1 9.1 8.2 6.0 2.9 
ned 4.3 7.9 4.4 4.9 4.4 
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Table 42. Genotypic variance components from analyses of 
individual groups in each environment and from 
individual group analyses combined over six 
environments for 100-seed weight 
Environment Group 1 Group 2 Group 3 Group 4 Group 5 
1 0.0359 0.0455 0,0365 0.0319 0.0398 
2 0.0409 0.0458 0.0445 0.0537 0.0595 
3 0.0631 0.0471 0.0461 0.0503 0.0718 
4 0.0338 0.0288 0.0321 0.0332 0.0487 
5 0.0479 0.0760 0.0613 0.0683 0.0609 
6 0.0382 0.0463 0.0249 0.0561 0.0448 
Combined 0.0373 0.0417 0.0306 0.04l6 0.0459 
Group 6 Group 7 Group 8 Group 9 Group 10 
1 0.0467 0.0695 0.0447 0.0717 0.0618 
2 0.0397 0.0646 0.0431 0.0564 0.0649 
3 0.0520 0.0774 0.0548 0.0742 0.0721 
4 0.0307 0.0560 0.0321 0.0577 0.0361 
5 0.0594 0.0726 0.0658 0.0770 0.0799 
6 0.0349 0.0474 0.0440 0.0636 0.0510 
Combined 0.0336 0.0559 0.0393 0.0548 0.0523 
Group 11 Group 12 Group 13 Group l4 Group 15 
1 0.06l4 0.0635 0.0501 0.0501 0.0397 
2 0.0591 0.0547 0.0579 0.0450 0.0531 
3 0.0935 0.0824 0.0675 0.0647 0.0600 
4 0.0321 0.0250 0.0321 0.0390 0.0371 
5 0.0666 0.0920 0.0752 0.0864 0.0641 
6 0.0622 0.0475 0.0489 0.0291 0.0489 
Combined 0.0517 0.0521 0.0435 0.0390 0.0371 
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Table 43. Genotypic variance components from analyses of 
individual groups in each environment and from 
individual group analyses combined over six 
environments for straw weight 
Environment Group 1 Group 2 Group 3 Group 4 Group 5 
1 34, 0 69.6 69 .9 67.6 57 .0 
2 26. 3 21.1 32 .1 24.6 22 .8 
3 39. ,0 24.5 32 .4 26.3 24 .7 
4 13. 4 22.1 29 .8 32.2 22 .8 
5 4, 7 6.8 9 .7 3.4 5 .2 
6 17. 4 14.9 20 .8 19.5 13 .6 
Combined 16. 7 13.0 19 .4 12.1 14 .4 
Group 6 Group 7 Group 8 Group 9 Group 10 
1 48. 3 47.9 64 .5 59 4 56 .4 
2 25. 9 21.7 18 .8 13.9 26 .8 
3 24. 1 30.0 19 .2 34.5 26 .7 
4 22. 0 32.3 19 .8 16.1 26 .2 
5 4. 0 13.3 3 .0 12.9 4 .8 
6 9. 6 14.7 13 .3 7.5 13 .2 
Combined 11. 2 15.7 12 .9 11.6 14 .5 
Group 11 Group 12 Group 13 Group l4 Group 15 
1 48. 7 50.6 52 .5 40.2 52 .3 
2 18. 7 26.3 27 .8 27.8 19 .4 
3 25. 0 23.4 26 .2 11.5 15 .5 
4 27. 3 23.8 7 .8 30.6 18 .9 
5 4. 6 5.4 15 .1 12.1 4 .2 
6 12. 3 13.4 23 .9 13.3 10 .2 
Combined 8. 5 15.0 10 .3 12.4 7 .1 
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Table 44. Mean squares from an analysis of variance of the 
individual group genotypic variance estimates 
within six environments for five plant traits 
Source D.P. Plant Plant Grain 100-seed Straw 
height weight weight weight weight 
Years 1 15.01 22.31**& 10.04* 0.32 19.05** 
Sites 2 0.67 7.29 2.86 1.02 8.08 
Years-sites 2 2.36** 0.90** 1.07** 0.98** 1.01** 
Error 84 0.07 0.13 0.11 0.05 0.12 
Total 89 
** denote that F-ratios exceed 10 and 0.5 percent 
levels of probability, respectively. 
Table 45. Variance component estimates from an analysis of 
individual group genotypic variance estimates 
within six environments for five plant traits 
Variance components Plant Traits 
estimates for: Plant Plant Grain 100-seed Straw-
height weight weight weight weight 
Years 4.22 7.14 2.99 -0.22 6.01 
Sites -0.84 3.20 0.90 0.02 3.53 
Years-sites 0.15 0.05 0.06 0.06 0.06 
Another way to assign the relative importance of year and 
site effects on genotypic variance expression is through the 
means of genotypic variance component estimates. The means 
of genotypic variance components were from two to three times 
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larger in ISbY than in igoo ror plant neignt, plant weignt, 
grain weight and straw weight, indicating that genotypic 
differentiation among lines was better in 1967 (Table 46) .  
Genotypic differentiation appeared to be equivalent in both 
seasons for 100-seed weight. Variation among site means of 
genotypic variance components was also evident, with the Ames 
site having the greatest mean for all traits except plant 
height. For the latter trait there was little difference in 
means among the three sites. 
Table 46. Means of genotypic variance component estimates for 
years and sites from individual group analysis of 
data for five plant traits in each year and site 
Years Plant Traits 
Plant 
height 
Plant 
weight 
Grain 
weight 
100-seed 
weight 
Straw 
weight 
1967 22.85 79.32 15.29 18.47 33.37 
1968 10.09 29.30 7.64 20.80 12.42 
Sites 
Ames 14.47 80.18 15.50 23.99 34.00 
Sutherland 13.59 29.92 8.95 16.74 12.11 
OresCO 17.78 46.71 9.16 18.75 18.50 
Heritability 
Heritability values are of primary Interest to the 
researcher because they imply the degree of success he may 
94 
expect when selecting for improvement of a particular plant 
trait. Although the relative magnitude of heritability is 
established for a trait (i.e., high or low on a per-plot 
"basis)J the researcher continually refines his selection 
methodology to increase the heritability percentage in a 
given test (i.e., on a per-experiment basis) by manipulating 
plot size, number of replicates, number of testing sites 
and number of years for a test. Data from the 1200 oat lines 
tested in my study over two years and three sites provided 
heritability percentages for use in making comparisons among 
plant traits and for measuring factors that increase 
heritability on a per-experiment basis. 
Heritability values were computed in each experiment 
on a per-plot basis as a ratio of the genotypic variance 
to the sum of the genotypic plus error variances. Such 
estimates of heritability based on data obtained from 
advanced generation lines of a self-pollinating species would 
approach heritability in a narrow sense. In addition, I 
computed heritability percentages on the basis of variance 
components from the combined analyses over years and sites, 
in which case heritability percentage was the ratio of 
genotypic variance to the sum of genotypic, genotype-
environment interaction and error variances. On a per-plot 
basis, heritabilities from the combined analyses were 45, 
18, l8, 53 and l8 percent for plant height, plant weight. 
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grain weight, 100-seed weight and straw weight, respectively 
(Table 4?). Corresponding heritability percentages on a 
per-experiment basis were 87, 64, 65, 93 and 65 percent for 
the five plant traits, respectively (Table 48). Weight per 
100 seeds and plant height had the highest heritability 
values implying that these traits would be easier to improve 
by selection than would plant, grain or straw weight, all of 
which had nearly equal but lower heritability values. 
Combined heritability estimates measured across years 
and sites were notably different in magnitude than those 
estimated in any single environment. Heritability percentages 
on a per-plot basis were always greater when estimated from 
a single environment (Table 47). For example, plant height 
heritabilities were 57, 64, 64, 59, 48 and 68 percent for 
environments 1 to 6, respectively, whereas the combined 
estimate over environments was 45 percent (Table 47). For 
grain weight, the heritability percentages ranged from 29 
in environment 4 to 42 in environment 3, whereas the value 
from the combined analysis was I8. Similar relationships 
were found for the other plant traits. Per-plot heritability 
estimates obtained from single environments were probably 
higher because the genotypic variances, used in the numerator 
of the heritability equations, were biased upward by 
automatic inclusion of genotype-environment interactions. 
For the combined genotypic variance estimate, portions of 
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Table 47. Variance-component heritability percentages for 
five plant traits on a per-plot basis (with a 
block effect removed) for the 1200-line population 
for six environments and combined over environments 
Environment Plant Traits 
Plant Plant Grain 100-seed Straw 
height weight weight weight weight 
1 57 46 38 59 44 
2 64 34 34 65 36 
3 64 46 42 71 46 
4 59 23 29 53 22 
5 48 20 35 72 23 
6 68 37 34 59 37 
Combined 45 18 18 53 18 
Table 48. Variance-component heritability percentages for 
five plant traits on a per-experiment basis (with a 
block effect removed) for the 1200-line population 
in six environments and combined over environments 
Environmen t Plant Traits 
Plant Plant Grain 100-seed Straw 
height weight weight weight weight 
1 73 72 65 81 70 
2 78 61 60 85 63 
3 78 72 69 88 72 
4 81 47 54 77 45 
5 74 43 62 88 40 
6 87 6 4 6l 8l 64 
Combined Sj 64 65 93 65 
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these Interactions associated with sites and years were 
removed, resulting In lower herltabillty percentage estimates. 
Heritabllity percentages, calculated on a per-experlment 
basis, however, were less when estimated in individual 
environments than when estimated from a combined analysis 
over years and sites (Table 48). For example, per-experiment 
heritabilities for 100-seed weight were 8l, 05, 88, 77» 88 
and 8l percent for environments 1 to 6, respectively, whereas 
the estimate from the combined analysis was 93 percent (Table 
48). Although not as pronounced, similar relationships 
tended to occur for the other four plant traits. The high 
values for heritabllity percentage from the combined analysis, 
when calculated on a per-experiment basis, resulted because 
each of the genotype-environment interaction and error 
variances were divided by the same set of coefficients, i.e.. 
Standard unit heritabllity percentages (i.e., the 
phenotypic correlation of a plant trait measured in one 
environment with a mean expression of the same trait 
measured in the five other environments, were slightly 
lower in magnitude than variance-component heritabilities 
on a per-experlment basis, for the five plant traits in the 
six test environments (Tables 4 and 48). Pooling them across 
environments increased standard unit heritabllity percentages 
similar to the increases noted for per-experlment heritabllity 
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percentages computed from variance components. 
I examined the effectiveness of variance-component 
(on a per-experiment basis) and standard unit herltablllty 
values for predicting selection advance. To make this 
comparison, first, I predicted the genetic advance for a 
trait in an experiment using either type of herltablllty, 
when 10 percent of the lines were selected, and second, I 
actually selected the best 10 percent of the 1200 lines 
based on productivity (e.g., 120 lines with the highest 
yield) in the same experiment. Two predictions of genetic 
advance were made for each trait-experiment combination, one 
which took blocking effects Into account and one which 
ignored them, when herltablllty percentages were calculated. 
The actual genetic advance was obtained by calculating the 
superiority of the mean productivity of the 120 selected 
lines across the other five experiments, above the whole 
population mean for the same five environments. All 
genetic gains, whether actual or predicted were expressed in 
percentage of the population mean. Comparisons between 
predicted and actual genetic advances were made by computing 
the amount by which the two values deviated for each trait-
experiment combination (Tables 49 and 50). Finally, the 
deviations for each trait were averaged across environments. 
In general, predicted genetic advances tended to be greater 
than those actually obtained, irrespective of which type of 
Table 49. Deviations between predicted and actual genetic advances from selection 
(expressed as a percentage of the population mean) for five plant traits 
when standard unit heritabllity was used, with and without grouping, 
In the prediction equation 
Selection Plant height Plant weif 'it Grain weight 
environment With 
grouping 
Without 
grouping 
With 
grouping 
Without 
grouping 
With 
grouping 
Without 
grouping 
1 1.4 0.5 9.4 3.9 3 . 0  2 . 6  
2 2.7 1.6 2.7 2 . 2  0 . 3  1.0 
3 1.0 - 0 . 3 ^  7.6 4.1 2 . 3  3 . 2  
4 0 -0.4 1.8 -1.5 0.7 -1.3 
5 0 . 9  -1.9 6.4 2 . 6  4.7 6 . 8  
6 0.6 0.1 2.5 -1.5 - 2 . 1  - 0 . 1  
Average 
deviations 1.1 0 . 8  5.1 2 . 6  2 . 2  2.5 
^The negative sign designates the predicted selection advance was less than 
the actual advance. 
Table 49 (Continued) 
100-Seed weight Straw weight 
With 
grouping 
Without 
grouping 
With 
grouping 
Without 
grouping 
6.0 3.3 11.4 5.7 
2.4 0.7 8.7 2.6 
3.7 3.4 1 0 . 3  4.9 
3.0 0.1 1.0 - 3 . 0  
6 . 5  6.3 4.8 1.0 
1.1 -0.6 1.6 -2.7 
3.3 2.4 6 . 3  3.3 
o 
o 
Table 50. Deviations between predicted and actual genetic advances from selection 
(expressed as a percentage of the population mean) for five plant traits 
when variance component herltabllity was used with and without grouping 
in the prediction equation 
Selection Plant height Plant weight Grain weight 
environment With Without With Without With Without 
grouping grouping grouping grouping grouping grouping 
1 1.8 2.4 6.0 9.3 10.0 9 . 5  
2 4.1 3 . 8  2 . 2  4.1 4.6 5 . 8  
3 2.7 1.6 6 . 5  8.7 7.5 9 . 1  
4 1.4 1.6 7.9 -0.3* 3.4 2 , 0  
5 -1.9 0.8 1.5 4.4 11.0 11.1 
6 1.0 2.7 4.5 3.8 2 . 2  4.5 
Average 
deviation 1.6 2.2 4.8 5.1 6.4 7,0 
^The negative sign designates the predicted selection advance was less than 
the actual advance. 
V 
Table 50 (Continued) 
100-Seed weight Straw weight 
With 
grouping 
Without 
grouping 
With 
grouping 
Without 
grouping 
4.3 4.4 9.8 9 . 0  
3.6 2.5 0.6 4.0 
4.3 5.1 6.6 8.9 
1.7 0.9 6.7 -0.6 
10.0 9.7 1.3 3.5 
1.8 1.9 4.5 4.8 
4.3 4.1 4.9 5.1 
M 
o 
ro 
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herltability (i.e., variance component or standard unltj was 
used. Of 60 predictions made with standard unit herit-
ability percentages, 48 were too high (i.e., had plus signs), 
11 were too low (i.e., had negative signs) and one was 
Identical (Table 49). When variance component heritability 
percentages were used, 57 were too high and three were too 
low (Table 50). Under or over-prediction did not seem to be 
associated with any trait, but six of the l4 under-predictions 
were from experiment 4 (1968 Ames). 
Removal of block effects from the heritability values 
did not materially increase or decrease the deviations 
between predicted and actual genetic advances when variance-
component heritability percentages were used (Table 50). 
With and without grouping, respectively, the average 
deviations were 1.6 and 2.2 for plant height, 4.8 and 5.1 for 
plant weight, 6.4 and 7.0 for grain weight, 4.3 and 4.1 for 
100-seed weight and 4.9 and 5.1 for straw weight. 
Contrariwise with standard unit heritability, removal of 
group effects tended to increase the degree of over-
prediction (Table 49). With and without grouping, respec­
tively, the average deviations were 1.1 and 0.8 for plant 
height, 5.1 and 2.6 for plant weight, 2.2 and 2.5 for grain 
weight, 3.8 and 2.4 for 100-seed weight and 6.3 and 3.3 for 
straw weight. The increases in over-prediction of genetic 
gains with removal of grouping effects were quite sizeable 
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for plant, straw and 100-seed weights. The closer relation­
ship between actual and predicted genetic advance using 
standard unit heritability percentages with no group effect 
removal was, perhaps, fortuitous, resulting from a 
balancing effect between genotype-environment interaction 
and error variances. It would appear that the standard 
unit procedure provided the best heritability estimations 
for use in predicting selection advance. 
Phenotypic Correlations Among Plant Traits 
Knowledge of the relationships among plant traits is 
useful to the researcher for a) determining plant traits on 
which he may practice selection to indirectly improve another 
trait (the latter may be difficult to measure) and b) 
determining the existence and degree of inverse relationships 
between two traits (i.e., desirable for one trait and 
undesirable for a second) which would indicate the degree 
of difficulty a breeder would encounter in selecting accept­
able levels for both traits. An example of the first type 
would be the relationship between 100-seed weight and grain 
weight in oats. The trait, 100-seed weight is highly 
heritable and can be measured precisely in small plots and 
few replicates, whereas grain weight has low heritability 
and requires testing with many replicates, years and sites 
for precise measurement. Therefore, if a high degree of 
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positive relationship existed between these two traits, 
selecting for increased 100-seed weight would be a cheap 
way for successfully Increasing grain weight. 
An example of the second type of inter trait relation­
ship can be illustrated as the negative association that 
exists between tall plant height (a desirable trait) and 
lodging susceptibility (an undesirable trait). With such 
a relationship, the magnitude of association would relate to 
the breeder, the degree of difficulty he would incur in trying 
to isolate both traits. 
Herein, I pooled the intra experiment phenotypic 
correlations across experiments for all possible pairs of 
traits (Table 5l)- High "spurious" correlations were 
expected for combinations of plant weight with grain and 
straw weights because the later two traits were components 
of plant weight. The correlations of grain and straw weights 
with plant weight were O.87 and 0.94, respectively. 
Correlations between plant height and plant and straw weight 
were 0.45 and 0.46, respectively, so Increasing plant height 
would cause concomitant Increases In plant weight and 
straw weight. Perhaps, even higher correlation values among 
these traits would be expected, but number of tillers per 
plant, which is poorly correlated with plant height 
(Wallace et al., 1954), also Influences plant and straw 
weight and probably would reduce the correlation. The 
106 
Table 51. Pooled phenotypic correlations among five plant 
traits for the 1200-line oat population across 
six environments 
Relationship Correlation^ 
Plant height with Plant weight 0.45 
Plant height with Grain weight " 0.32 
Plant height with 100-seed weight -0.09 
Plant height with Straw weight 0.46 
Plant weight with Grain weight 0.8? 
Plant weight with 100-seed weight 0.06 
Plant weight with Straw weight 0.94 
Grain weight with 100-seed weight 0.17 
Grain weight with Straw weight 0.63 
100-Seed weight with Straw weight -0.03 
a^lue required for significance at the one percent 
level is O.O8I. 
phenotypic correlation "between plant height and grain weight 
was 0.32 indicating that tall lines were apt to be high 
yielding. However, this correlation was small enough that a 
breeder probably could select high yielding, short lines if 
sufficiently large populations were used. A relatively high 
correlation was found between grain weight and straw weight 
(0.63) indicating that high yields of straw and grain tend 
to go together. A significant but low correlation of 0.17 
was found between grain and 100-seed weight. This value was 
similar to those reported by Huang (1967). He suggested 
that 100-seed weight would probably not be a good criterion 
to use in selection of individual lines for yielding 
capacity. 
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I found very low phenotypic correlations between 
100-seed weight and plant height, plant weight and straw 
weight. 
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SUMMARY 
Twelve hundred F^-derived oat lines chosen from a bulk 
population (made by mixing Pg seed of 75 oat crosses) were 
tested for plant height, weight per ICQ-seeds and plant, 
grain and straw weights per plot at three locations in each 
of two years. Data from these tests were used to calculate 
several statistics, namely, heritability percentage, 
coefficient of variability, actual and predicted genetic 
advances from selection and phenotypic correlations between 
traits. These statistics were used to determine (a) the 
ranges that occur among estimates of these statistics from 
samples of the 1200-line population, (b) the effect of 
Intra replicate blocking upon the efficiency of testing, 
(c) the relative efficiency of the six test environments for 
selection purposes, (d) comparison of methods of estimating 
heritability percentage and (e) estimates of interrelation­
ship of the measured traits. 
Wide fluctuations were found in heritability percentages 
for a given trait among 80-line samples in one environment 
and for the 1200-line population in six environments. 
Ranges of C.V.'s among samples within each environment were 
were only slightly greater than those between environments 
for the 1200-line population. Phenotypic correlations among 
pairs of traits did not vary greatly among environments 
indicating that a single environment was adequate to measure 
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relationships among plant traits. Relatively large ranges 
in phenotypic correlations occurred among groups within an 
environment showing that 80 lines were not a sufficient 
number to give accurate estimation of the relationships 
among plant traits. Genotypic and genotype-environment 
interaction variances were highly variable among the 80-line 
samples. 
Generally, use of intra replicate blocking in experi­
ments increased heritability percentages slightly for all 
traits, but only for plant height was the increase of practi­
cal importance. Increases in predicted genetic advance 
suggested that grouping of lines and using a within replicate 
blocking was advantageous for selection when a large number 
of lines were tested, but actual genetic advances showed 
that grouping of lines provided only slight advantage. 
Four statistics were used for measuring the efficiency 
of an environment for selection, i.e., actual genetic 
advance, heritability percentage, genetic coefficient of 
variability and phenotypic correlation. Actual genetic 
advance from selection ranked the efficiency of the environ­
ments for selection differently than did heritability, 
C.V.g's or phenotypic correlations. The most efficient 
environment for selection appeared to depend upon the plant 
trait for which selection was practiced. In general, the 
least stress environment did not give the highest heritability 
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percentages and/or the largest C.V.g's. 
Partitioning the total variance in a combined analysis 
indicated very large portions of the total variance were due 
to major environmental factors associated with growing the 
experiment in different years and sites. Genotypic (lines) 
variances of all traits were as great as, or greater, in 
magnitude than any of the genotype-environment (site-lines, 
year-lines and year-site-lines) interaction variances. From 
an analysis of the highest yielding two percent of the lines 
it appeared that the elite lines were as interactive with 
environment as were all lines: thus the genotype-environment 
interactions were of greater relative importance for elite 
lines than for the general population. 
Heritability percentages were calculated on a plot mean, 
experimental mean, and standard unit basis. Heritability 
percentages from a combined analysis across years and sites 
for plant height, plant weight, grain weight, 100-seed 
weight and straw weight were 4$, l8, l8, 53 and l8 percent, 
respectively on a plot mean basis, 87, 64, 65, 93 and 65 
percent, respectively on an experimental mean basis and 72, 
68, 61, 83 and 71 percent, respectively on a standard unit 
basis. The most accurate heritability estimates for use in 
predicting selection advance were obtained from the standard 
unit estimation procedure. 
Inter trait relationships among plant height, plant 
Ill 
weight J grain weight and straw weight showed high correlations 
among all possible trait combinations. The trait 100-seed 
weight, however, was poorly correlated with the other traits 
in the study. 
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52. Variance-component herltatility percentages on a 
per-plot basis for plant weight computed for 
fifteen 80-line groups in six environments 
Environments 
3 5 5 5 Mean 
42 36 58 25 18 44 37 
53 34 4o 25 33 39 37 
54 35 53 34 22 40 40 
47 34 49 22 13 4l 34 
52 35 56 21 11 36 35 
36 46 42 27 9 26 31 
44 26 54 30 30 47 39 
45 28 4l 14 9 25 27 
45 32 48 22 34 22 34 
52 39 51 24 11 44 37 
38 27 42 23 18 38 31 
58 44 36 22 18 32 35 
43 41 49 5 26 47 35 
33 42 20 37 26 36 32 
45 30 4l 19 18 24 30 
46 35 45 23 20 36 34 
120 
Table 53. Variance-component heritability percentages on a 
per-plot basis for grain weight computed for 
fifteen 80-line groups in six environments 
Group Environments Mean 
1 42 34 55 37 33 49 42 
2 30 32 37 29 44 43 36 
3 48 '29 53 35 36 24 38 
4 35 34 50 35 37 38 38 
5 4? 35 55 24 29 37 38 
6 31 45 45 34 26 25 34 
7 40 28 47 39 43 38 39 
8 30 34 40 8 29 23 27 
9 32 21 43 31 49 20 23 
10 57 66 51 32 28 4l 46 
11 35 25 17 23 35 4o 29 
12 55 46 33 32 34 38 40 
13 40 44 50 12 35 38 37 
14 36 33 20 38 34 31 32 
15 33 29 31 20 37 20 28 
:an 39 36 42 29 35 34 36 
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Table 54. Variance-component heritabillty percentages on a 
per-plot basis for 100-seed weight computed for 
fifteen 80-line groups in six environments 
Group Environments 
1 2 3 4 5 6 inecti 
1 51 62 77 51 68 54 61 
2 56 69 6l 42 74 69 62 
3 51 60 65 67 71 39 59 
4 48 48 70 51 75 69 60 
5 59 74 83 68 57 42 64 
6 61 68 82 47 71 55 64 
7 73 59 80 70 75 58 69 
8 49 64 77 47 75 62 62 
9 65 61 76 68 71 67 68 
10 68 74 80 56 73 42 66 
11 64 67 88 4l 64 78 67 
12 67 69 86 31 80 64 66 
13 63 73 83 50 67 68 67 
14 4l 67 46 65 81 46 58 
15 62 71 45 43 72 75 61 
ian 59 66 73 53 72 59 64 
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Table 55. variance-component neritaoïiity percentages on a 
per-plot basis for straw weight computed for 
fifteen 80-line groups in six environments 
Group Environments 
g z; 5 5 
1 37 37 59 17 15 37 34 
2 50 36 44 20 26 32 35 
3 55 40 53 35 21 50 42 
4 44 38 50 22 8 4l 34 
5 48 36 54 24 16 35 36 
6 35 45 42 26 12 26 31 
7 43 28 53 26 28 53 39 
8 49 31 44 20 10 30 31 
9 48 20 52 16 32 26 32 
10 53 44 52 19 11 44 37 
11 4l 30 39 24 l4 35 31 
12 47 4l 43 17 15 27 32 
13 4l 41 50 7 19 51 35 
14 28 44 19 37 32 37 33 
15 46 32 37 23 14 32 31 
:an 44 36 46 22 18 37 34 
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Table . Variance-component; neriraDiiiry percentages on a 
per-experiment basis for plant weight computed for 
fifteen 80-line groups In six environments 
Group Environments 
— 2 5 If 5 5~ Mean 
1 69 63 81 50 4o 70 62 
2 77 6l 67 49 60 66 63 
3 78 61 77 61 46 67 65 
4 73 6l 74 46 31 68 59 
5 76 61 79 45 26 63 58 
6 63 72 69 53 23 52 55 
7 70 52 78 56 56 73 64 
8, 71 54 68 33 22 50 50 
9 71 60 73 45 61 46 59 
10 76 66 76 48 28 70 61 
11 65 52 68 47 4o 65 56 
12 80 70 63 45 39 59 59 
13 69 68 75 14 51 73 58 
14 60 69 43 64 51 62 58 
15 71 56 68 4l 39 49 54 
:an 71 62 71 46 41 62 59 
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Table . variance-componeiic hex-i ua-bili un <% 
per-experiment basis for grain weight computed for 
fifteen 80-line groups in six environments 
Group Environments 
Î 2 3 5 5 6 Mean 
1 69 6l 79 64 59 74 68 
2 57 59 64 55 70 69 62 
3 74 55 77 62 63 48 63 
4 62 6l 75 62 63 64 65 
5 73 62 79 49 55 64 64 
6 58 71 71 61 52 50 61 
7 67 54 72 65 70 65 66 
8 56 60 67 21 55 47 51 
9 59 44 69 57 74 43 58 
10 79 86 76 58 53 67 70 
11 62 49 38 47 61 67 54 
12 79 72 60 58 6l 65 66 
13 67 70 75 30 6l 64 61 
14 62 60 43 65 61 57 58 
15 60 56 57 43 63 43 54 
;an 66 61 67 53 6l 59 61 
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Table 50. Variance-component neritabiliuy vu a 
per-experiment basis for 100-seed weight computed 
for fifteen 80-line groups in six environments 
Group Environments ]vroor> 
__ _ _ ^ _ g iiean 
1 76 83 91 76 86 78 82 
2 79 87 82 69 89 87 82 
3 76 82 85 86 88 65 80 
4 73 74 88 76 90 87 81 
5 81 90 93 87 80 68 83 
6 83 86 93 73 88 78 84 
7 89 81 92 88 90 80 87 
8 74 84 91 73 90 83 83 
9 85 82 90 87 88 86 86 
10 86 90 92 79 89 69 84 
11 84 86 96 68 84 91 85 
12 86 87 95 58 92 84 84 
13 84 89 94 75 86 87 86 
14 67 86 72 85 93 72 79 
15 83 88 71 70 89 90 82 
:an 80 85 88 77 88 80 83 
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Table 59. Variance-component heritability percentages on a 
per-experiment basis for straw weight computed for 
fifteen 80-line groups in six environments 
Group Environments Mean 
1 64 64 81 38 34 64 58 
2 75 63 70 42 52 58 60 
3 78 67 77 62 44 75 67 
4 70 64 75 46 21 67 57 
5 73 63 78 48 36 6l 60 
6 61 71 69 51 29 52 56 
7 69 54 78 51 54 77 64 
8 74 57 70 43 25 56 54 
9 74 43 76 37 59 51 57 
10 77 70 77 41 27 71 6l 
11 68 57 66 49 33 62 56 
12 72 68 70 37 35 52 56 
13 68 68 75 18 41 76 58 
14 54 70 42 64 58 64 59 
15 72 58 64 47 33 59 56 
Mean 70 62 71 45 39 63 58 
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Table 60. Standard unit heritability percentages for plant 
weight computed for 80-line groups in six 
environments 
Group Environments T„^ a Ô Ô Ti c zr Pooled 
1 67 71 79 64 47 63 66 
2 67 62 69 42 38 68 59 
3 72 71 65 60 53 70 66 
4 70 62 66 35 20 64 55 
5 65 60 72 58 47 69 62 
6 58 63 63 54 34 52 54 
7 81 66 63 60 52 70 66 
8 68 68 57 38 35 57 55 
9 68 60 65 48 38 52 56 
10 63 52 54 57 56 55 56 
11 58 50 52 47 27 49 48 
12 71 63 74 61 31 53 60 
13 48 42 54 37 30 53 43 
14 57 52 48 62 33 53 52 
15 62 54 59 43 20 4l 48 
loled 65 60 63 51 37 58 56 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
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Table 6l. Standard unit heritability percentages for grain 
weight computed for 80-line groups in six 
environments 
Group Environments 
1 2 3 4 5 6 r uuxcu 
1 62 67 79 62 52 65 65 
2 53 52 64 49 54 65 57 
3 64 63 53 51 51 60 57 
4 63 63 66 60 4l 67 60 
5 49 62 72 54 45 64 59 
6 51 58 67 51 48 46 54 
7 76 61 66 61 55 65 65 
8 56 57 49 32 36 51 48 
9 52 52 53 61 46 39 51 
10 46 40 43 54 58 47 48 
11 45 45 49 58 30 54 47 
12 58 50 70 66 47 56 59 
13 40 40 49 47 37 4l 42 
14 35 44 4o 56 45 56 46 
15 50 50 64 50 42 47 63 
Pooled 53 54 59 54 46 57 55 
Sl Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
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Table 62. Standard unit heritability percentages for 100-
seed weight computed for 80-line groups in six 
environments 
Group Environments 
~~3 5 Pooled 
1 76 53 87 77 76 77 76 
2 80 76 85 83 79 85 82 
3 83 74 71 75 63 71 74 
4 77 83 87 78 80 85 82 
5 80 92 90 88 66 68 82 
6 81 82 90 76 63 80 80 
7 87 83 91 90 78 83 86 
8 76 80 87 80 69 84 80 
9 85 80 90 86 74 82 84 
10 83 89 92 79 79 75 84 
11 85 88 92 69 79 87 84 
12 83 89 94 77 79 85 86 
13 85 86 88 77 72 80 82 
14 75 82 72 80 73 66 76 
15 81 81 78 67 64 84 77 
noled 81 81 86 79 73 79 81 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
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Table b'3 . standard unit neritaoiixty pei-centagcre lui- a Li-am 
weight computed for 80-line groups in six 
environments 
Group Environments Pooled^  
1 65 70 76 65 42 61 64 
2 68 68 72 39 29 65 58 
3 74 75 70 67 47 73 69 
4 66 62 62 19 15 61 50 
5 70 60 72 62 46 68 64 
6 57 66 6l 55 31 58 56 
7 77 70 6l 60 4l 70 64 
8 74 76 64 47 41 61 62 
9 70 64 69 42 30 62 57 
10 71 62 60 60 48 66 62 
11 65 56 51 45 31 47 50 
12 73 70 74 55 24 48 58 
13 49 52 58 32 27 61 48 
14 65 59 50 64 29 53 54 
15 63 60 56 45 19 45 49 
toled 67 65 64 50 33 60 58 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
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Table 64. Coefficients of variability for plant height 
computed for fifteen 80-line groups in six 
environments 
Group Environments Moor, 
— 2 3 4 5 5" ^^ an 
1 3.2  5 .8  3.2 3.6  4.4 3.4 3.9  
2 3.0 3.4  4.3 3.8  4.3 3.4 3.7 
3 3.3 3.2  3.3 3.4  5.7 3.6  3 .8  
4 3.7 3.6 3.2  3 .3  5.1 4.0 3.8  
5 2.9 3.8  3.2 5.5 4.3 3.3 3.8  
6 3.1 3.2 2.8  3 .8  5.6 3.6  3.7 
7 8.8  9.1 3.2 3.5 4.2 3.1 5.3 
8 3.4 3.6 3.5 3.7 4.9  3 .8  3 .8  
9 3.6 4.5 3.3 4.1 5.3 3.9 4.1 
10 3.0 3.4 2.9 3.9  5.5 4.0 3.8  
11 3.9 3.5 2.9 4.5 4.1 3.5 3.7 
12 3.8 3.7 3.4 4.4 4.9 3.6 4.0 
13 4.9 3.9 3.3 3.8  4.4 3.9 4.0 
14 4.1 3.5 3.9 3.7  4 .8  3.5 3.9  
15 3.8 2.7 3.2 3.5  5.1 3.6 3.7 
ïan 3.9  4.1 3.3 3.9  4 .8  3.6 3.9 
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Table OD . Uoerricients of vai-xabii ity lui- plctiiL wvl&Ll 
computed for fifteen 80-line groups in six 
environments 
Group Environments Mean 
1 13.8 16.4 13.7 14.6 17.6 13.9 14.9 
2 13.6 13.5 15.2  15.7 15.6 15.0 14.8 
3 14.3 16.1 13.9 14.4 18.5 13.9  15.2  
4 15.3 15.1 13.4 15.9 18.1 13.4 15.2 
5 14.6 15.2 11.9 l6.l 16.3  14.3 14.7 
6 l6.6 12.6 14.4 12.5 17.6 13.0 14.4 
7 14.6 17.1 l4.l 15.2 l6.6 10.5 14.7 
8 14.8 14.8 14.1 16.8 16.7 13.8 15.2 
9 15.4 15.6 15.2 14.9 14.8 13.5 14.9 
10 13.1 14.0 12.6 17.3 18.7 12.3 14.7 
11 16.9 15.1 13.9 16.4 16.2 12.6 15.2 
12 13.0 13.0 14.3 17.7 17.1 15.2  15.0 
13 15.0 14.3 13.7 17.6 18.9 13.2  15.4 
14 16.5 12.5 17.3 13.0 16.3 13.7 14.9 
15 14.6 14.9 12.6 14.9 15.4 13.8 l4.4 
san 14.8 14.7 14.0 15.5 17.0 13.5 14.9 
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Table 66. Coefficients of variability for lOO-seed welgnt 
computed for fifteen 80-line groups in six 
environments 
Group Environments Mean 
1 7.8 5.7 4.4  7.1 5.2  6.5 6.1 
2 7.2 5.0 5.9 7.8  5 .6  5.3 6.1 
3 7.6 5.9 5.6  4 .8  5.3 7.3  6.1 
4 7.8  8 .4  5 .4  7.1 5.0 5.8  6 .6  
5 6.9  4 .9  4.2 5.8 7.3 9.2 6.4  
6 6.8  4.9 3.8  7.1 5.3 6.3 5.7 
7 6.6 7.6  5.0 5.9 5.5 6.5  6 .2  
8 8.9  5.1 4.4 7.3 5.1 5.9 6.1 
9 8.0  6.6 5.2 6.2 6.2 6.5 6.5  
10 6.9  5.2 4.9 6.7 6.0  9 .8  6 .6  
11 7.4  6.1 3.9 8.5  6 .7  5.1 6.3  
12 7.4  5.5 4.2 8.9 5.2 6.0 6.2  
13 7.1 5.1 4.2 7.6 6.6 5.5 6.0  
14 11.4 5.2 9.8  5.6 4.9 6.9 7.3 
15 6.5 5.1 9.5 8.5 5.4 4.6 6.6  
:an 7.6 5.8 5.4 7.0 5.7 6.5 6.3  
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Table 67 . (Joerricients or variaDiiity ror straw weight 
computed for fifteen 80-line groups in six 
environments 
Group Environments 
__ _ J-
Mean 
1 l4.6 17.1 13.8 15.5 18.7 17.2 16.2 
2 10.4 14.7 16.0 19.2 16.1 18.6 15.8 
3 14.9 17.0 14.7 15.1 19.5 14.9 16.0 
4 18.2 15-6 14.0 20.9 21.3 16.3 17.7 
5 15.7 15.8 12.8 16.4 17.3 16.7 15.8 
6 18.8 13.7 15.2 14.2 18.0 16.4 16.1 
7 15.1 17.4 14.3 17.7 19.0 11.1 15.8 
8 15.6 16.1 l4.6 17.3 17.4 17.0 16.3 
9 15.2 17.3 15.5 17.2 15.7 15.2 16.0 
10 14.0 14.3 13.4 20.0 20.4 13.4 15.9 
11 16.9 15.7 18.0 17.3 17.6 15.1 16.8 
12 15.2 14.4 15.2 20.5 17.4 19.5 17.0 
13 17.2 15.5 14.0 20.0 24.5 14.7 17.7 
14 19.9 14.1 18.6 13.8 16.2 14.8 16.2 
15 15.4 16.3 14.7 15.2 16.2 15.5 15.6 
Mean 15.8 15.7 15.0 17.4 18.4 15.8 16.3 
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Table 68 . Phenotypic correlations between plant height and 
100-seed weight for fifteen 80-line groups in six 
environments 
Group Environment s ^ 
1 2 3 • 4 5 6 Pooled 
1 0.08 -0.01 0.08 -0.11 0.06 0.08 0.03 
2 -0.05 -0.02 -0.08 -0.18 -0.02 -0.22 1 o
 
H
 
O 
3 -0.08 0.02 -0.11 -0.l8 -0.06 -0.05 -0 .08 
4  -0.03 -0.04 0.11 -0.03 -0.10 -0.07 -0.03 
5 -0.05 -0.l6 0.06 -0.23 -0.10 -0.11 -0.10 
6 -0.12 -0.11 -0.09 -0.23 -0.09 -0.25 -0.15 
7 0.03 0.22 0.15 0.06 0.l6 0.01 0.11 
8 -0.19 -0.21 -0.27 -0 .35 0.25 -0.25 -0.17 
9 -0.21 -0.36 -0.14 -0.31 -0.15 -0.31 -0.25 
10 -0.15 -0.07 -0.05 -0.13 -0.l4 -0.21 -0.13 
11 
H
 
O d -0.06 -0.14 -0.29 -0.01 -0.12 1 o
 
H
 
O 
12 -0.25 -0.10 -0.04 -0.27 -0.01 -0.21 -0.15 
13 -0.06 -0.11 0.08 -0.08 -0.05 -0.06 -0.05 
14 -0.20 0 
H
 
O
 1 -0.13 -0.l8 , -0.21 -0.21 -0 .17 
15 -0.22 -0.09 -0.06 -0.11 -0.18 -0.07 -0.12 
Pooled 0 
H
 
O
 1 -0.08 -0.04 -0.17 -0.04 -0.01 
0
 
H
 
O
 1 
Values necessary for significance at the 5.0 and 1.0 
percent levels are 0.217 and 0.283, respectively. 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
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Table 69. Phenotypic correlations between plant height and 
straw weight for fifteen 80-line groups in six 
environments 
Group Environments 
zr Ï Pooled 
1 0.57 
2 0.52 
3 0.63 
4 0.52 
5 0.50 
6 0.37 
7 0.40 
8 0.49 
9 0.56 
10 0.62 
11 0.40 
12 0.55 
13 0.44 
14 0,38 
15 0.43 
Pooled 0.50 
0.53 0.62 
0A7 0.58 
0.53 0.57 
0.4l  0 .54 
0.57 0.61 
0.49 0.55 
0.47 0.59 
0.59 0.65 
0.6c 0.65 
0.47 0.58 
0.37 0.44 
0.57 0.59 
0.41 0.58 
0.58 0.40 
0.57 0.46 
0.51 0.57 
0.43 0.47 
0.35 0.49 
0.58 0.48 
0.11 0.35 
0.46 0.45 
0.22 0.45 
0.31 0.51 
0.38 0.56 
0.27 0.64 
0.31 0.57 
0.42 0.54 
0.29 0.45 
0.26 0.35 
0.38 0.57 
0.42 0.54 
0.35 0.50 
0.63 0.54 
0.63 0.51 
0.69 0.58 
0.69 0.44 
0.69 0.55 
0.56 0.44 
0,66 0.49 
0.52 0.53 
0.57 0.55 
0.53 0.52 
0.48 0.44 
0.63 0.52 
0.50 0.43 
0.64 0.49 
0.55 0.50 
0.60 0.51 
Values necessary for significance at the 5.O and 1.0 
percent levels are 0.217 and 0.283, respectively. 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
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Table 70 . Phenotyplc correlations oetween piaiit weighu and 
grain weight for fifteen 80-llne groups in six 
environments 
Group Environments^  T^ __-,_jb 
— 2 3 ÏÏ 5 Pooled 
1 0.92 
2 0.80 
3 0.93 
4 0.89 
5 0.93 
6 0.85 
7 0.92 
8 0.86 
9 0.89 
10 0.92 
11 0.92 
12 0.92 
13 0.85 
14 0.81 
15 0.94 
Pooled 0.90 
0.92 0.96 
0.89 0.93 
0.90 0.89 
0.90 0.93 
0.92 0.93 
0.91 0.94 
0.93 0.95 
0.87 0.94 
0.84 0.95 
0.91 0.93 
0.93 0.82 
0.89 0.87 
0.91 0.94 
0.87 0.90 
0.89 0.87 
0.90 0.92 
0.91 0.87 
0.85 0.91 
0.89 0.85 
0.66 0.77 
0.88 0.74 
0.81 0.80 
0.86 0.76 
0.87 0.79 
0.85 0.81 
0.85 0.79 
0.90 0.86 
0.86 0.86 
0.78 0.76 
0.87 0.80 
0.85 0.77 
0.85 0.83 
0.92 0.92 
0.90 0.89 
0.90 0.90 
0.83 0.84 
0.90 0.89 
0.77 0.85 
0.87 0.89 
0.75 0.85 
0.85 0.87 
0.88 0.88 
0.85 0.88 
0.84 0.88 
0,88 0.86 
0.92 0.86 
0.93 0.88 
0.87 0.88 
Values necessary for significance at the 5.0 and 1.0 
percent levels are 0.217 and 0.283, respectively. 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
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TaDle ci . rneiio <J COl-x-c xo. vc Lncdi p zati v Wcigji.ll a.ma 
100-seed weight for fifteen 80-line groups in six 
environments 
Group Environments^  
"3 5 Pooled^  
1 0.06 
2 -0.11 
3 -0.24 
4 -0.15 
5 0.08 
6 -0.08 
7 0.26 
8 -0.07 
9 -0.15 
10 -0.08 
11 -0.06 
12 -0.11 
13 -0.02 
14 0.06 
15 -0.09 
Pooled -0.05 
-0 .11  0 .10  
-0.03 0.03 
-0.13 -0.01 
0.17 0.01 
0.14 0.22 
-0.10 -0.03 
0.11 0.28 
0.08 -0.02 
-0.18 -0.11 
-0.06 0.07 
0 14 0.11 
-0.04 -0.19 
-0.04 0.l4 
0.16 0.11 
-0.25 0.04 
-0.01 0.05 
0.20 0.17 
-0.03 0.26 
0.08 -0.06 
-0.09 0.12 
0.17 0.19 
-0.03 0.12 
0.09 0.16 
0.07 0.13 
0.01 0.27 
0.05 0.32 
0.03 0.22 
0.04 0.18 
-0.07 0.08 
0.l6 0.27 
-0.01 0.26 
0.04 0.18 
0.19 0.10 
0.11 0.04 
-0.05 -0.09 
0.l8 0.02 
0.30 0.l8 
0.21 0.02 
0.25 0.19 
0.09 0.05 
-0.02 -0.03 
0.18 0.08 
0.31 0.13 
0.04 -0.01 
0.16 0.04 
-0.01 0.13 
0.22 0.03 
0.14 0.06 
Values necessary for significance at the 5.0 and 1.0 
percent levels are 0.217 and 0.283, respectively. 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
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Table {d- . rnenotypic cox-x-elcit-ioiicj ylauL a.uù 
straw weight for fifteen 80-line groups in six 
environments 
Group Environments^  
1 2 3 4 5 6 
1 0.95 0.96 0.98 0.93 0.91 0.96 0.95 
2 0.92 0.95 0.96 0.95 0.91 0.95 0.94 
3 0.97 0.96 0.96 0.95 0.91 0.96 0.95 
4 0.96 0.95 0.96 0.90 0.85 0.94 0.93 
5 0.97 0.96 0.95 0.95 0.86 0.95 0.94 
6 0.94 0.95 0.96 0.92 0.85 0.93 0.93 
7 0.97 0.96 0.97 0.95 0.88 0.94 0.95 
8 0.96 0.93 0.96 0.95 0.85 0.94 0.94 
9 0.97 0.93 0.97 0.93 0.90 0.92 0.94 
10 0.97 0.95 0.96 0.93 0.87 0.92 0.94 
11 0.96 0.97 0.92 0.96 0.91 0.92 0.94 
12 0.95 0.94 0.94 0.93 0.89 0.92 0.93 
13 0.96 0.95 0.96 0.91 0.94 0.95 0.95 
14 0.92 0.95 0.93 0.94 0.89 0.96 0.94 
15 0.98 0.95 0.91 0.94 0.83 0.93 0.93 
Pooled 0.95 0.94 0.95 0.94 0.89 0.94 0.94 
Values necessary for significance at the 5-0 and 1.0 
percent levels are 0.217 and 0.283, respectively. 
^Mean phenotypic correlations were obtained by trans­
forming the r^s to Z values before averaging (Snedecor, 1956). 
l4o 
Table 73, Fhenotyplc correlations between grain weignt ana 
100-seed weight for fifteen 80-line groups in six 
environments 
Group Environments^  Pool^ d^  
1 2 3 4 5 6 
1 0.21 -0.10 
OJ H o 0.19 0.27 0.29 0.16 
2 -0.01 0.08 0.20 0.05 0.36 0.31 0.15 
3 -0.06 -0.06 0.08 0.15 0.23 0.02 0.06 
4 -0.04 0.18 0.07 
1—1 rH O 0.23 0.27 0.14 
5 0.23 0.26 0.32 0.30 0.43 0.4l 0.33 
6 0.04 -0.06 -0.03 0.02 0.25 0.37 . 0.10 
7 0.29 0.11 0.28 0.11 0.17 0.32 0.21 
8 0.13 0.14 0.l4 0.28 0.41 0.30 0.23 
9 0.03 -0.02 -0.04 0.14 0.39 0.19 0.12 
10 0.03 0.06 0.22 0.20 0.44 0.29 0.21 
11 0.12 0.23 0.l6 0.14 0.33 0.40 0.23 
12 -0.04 0.09 -0.02 0.17 0.32 0.l8 0.12 
13 0.06 0.03 0.19 
H O d 1 0.23 0.24 0.12 
14 0.37 0.28 0.30 0.31 0.44 0.10 0.30 
15 -0.04 -0.25 0.25 0.08 0.36 0.27 0.12 
Pooled 0.09 0.04 0.08 0.15 0.32 0.27 0.17 
V^alues necessary for significance at the 5.0 and 1.0 
percent levels are 0.217 and 0.283, respectively. 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
l4l 
Table 74. FJnenorypic correiationa belwecn gz-uln weight ctuù 
straw weight for fifteen 80-line groups in six 
environments 
Groups Environments^  T^ b^ 
 ^ r = z— Pooled 1 2 3 4 5 6 r uuJLtru
1 0.77 0.78 0.88 0.70 0.58 0.77 0.75 
2 0.52 0.71 0.78 0.63 0.66 0,70 0.67 
3 0.80 0.73 0.76 0.70 0.55 0.74 0.72 
4 0.73 0.71 0.78 0.26 0.33 0.58 0.57 
5 0.80 0.76 0.78 0.69 0.29 0.72 0.68 
6 0.62 0.74 0.82 0.50 0.35 0.47 0.59 
7 0.79 0.78 0.84 0.67 0.36 0.65 0.68 
8 0.68 0.62 0.80 0.68 0.36 0.47 0.60 
9 0.74 0.58 0.84 0.61 0.48 0.57 0.64 
10 0.79 0.74 0.79 0.61 0.40 0.64 0.66 
11 0.76 0.80 0.53 0.73 0.56 0.58 0.66 
12 0.77 0.67 0.64 0.62 0.53 0.55 0.63 
13 0.64 0.73 0.81 0.44 0.50 0.70 0.64 
14 0.52 0.67 0.69 0.66 0.44 0.76 0.63 
15 0.84 0.70 0.57 0.61 0.30 0.53 0.59 
Pooled 0.73 0.72 0.76 0.60 0.45 0.64 0.65 
Values necessary for significance at the 5.0 and 1.0 
percent levels are O.217 and O.283, respectively. 
^Pooled phenotypic correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
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Table 75- Phenotypic correlations between 100-seed weight 
and straw weight for fifteen 80-line groups in six 
environments 
Group Environments^  
1 2 3 4 5 6 rvv±eu 
1 -0.06 1 o
 
H
 
ro
 
0.08 0.17 0.05 0.11 0.04 
2 -0.18 o H O 1 -0.10 -0.08 0.12 -0.05 -0.07 
3 -0.34 -0.l6 -0.08 0.02 0.04 -0.08 -0.10 
4 -0.20 0.14 -0.03 -0.18 -0.02 0.09 -0.03 
5 -0.03 0.04 0.10 0.07 -0.06 0.l8 0.05 
6 -0.15 1 o
 
H
 
ro
 
-0.07 -o.o6 -0.04 o.o8 -0.06 
7 0.21 0.10 0.22 0.06 0.14 0.l6 0.15 
8 -0.18 0.02 -0.14 -o.o6 -0.l4 -0.04 -0.09 
9 -0.24 -0.26 -0.16 -0.08 
OJ rH o -0.l8 -0.13 
10 -0.14 -0.13 -0.05 -0.06 -0.27 0.06 -0.10 
11 -0.18 0.06 0.06 -0.0k 0.08 0.19 0.03 
12 -0.15 -0.13 -0.28 -0.05 0.01 -0.07 -0.11 
13 -0.07 -0.09 0.09 1 o
 
H
 
o
 1 o
 
o
 0.09 -0.02 
14 -0.16 0.06 -0.06 0.04 0.08 -0.10 -0.02 
15 -0.12 -0.27 -0.15 -0.07 0.05 0.l4 -0.07 
Pooled -0.13 -0.06 1 o
 
o
 
•
1-
-0.03 -0.05 0.04 -0.04 
V^alues necessary for significance at the 5-0 and 1.0 
percent levels are 0.217 and 0.283, respectively. 
^Pooled phenotyplc correlations were obtained by trans­
forming the r's to Z values before averaging (Snedecor, 1956). 
